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SEASONAL CHANGES IN THE OVULATION 
RESPONSE OF XENOPUS LAEVIS TO METHYL 
TESTOSTERONE 

By H. a. SHAPIRO 

From the Union Health Department, Cape Tovm 
{Received 9 February 1939) 

Ik a previous communication [Shapiro, 1936] it was shown that methyl 
testosterone, in common with certain other steroids, can induce ovulation 
in Xenopus laevis, the South African clawed frog. Zwarenstein [1936] 
showed previously that progesterone could also induce ovulation in 
Xenopus, His results have been reported more fully [1937]. 

Xenopus does not ovulate spontaneously under laboratory conditions of 
captivity. Even at the height of the breeding season, sexual activity dis- 
appears as soon as the animals are brought into the laboratory. The 
animal appears therefore specially suited for the investigation of gonado- 
trophic substances. 

Shapiro and Shapiro [1934] described a seasonal cycle in the gonad ratio, 
i.e. the mass of the ovaries relative to the body- weight of the animal. This 
ratio reached a peak during the breeding season, which in South Africa 
extends approximately from July to September. 

The following investigation was therefore undertaken with the object 
of constructing dose-response curves at various times throughout the year 
m order to see whether physiological data about seasonal changes in 
gonadal sensitivity could be obtained in confirmation of the previous 
evidence, which was entirely gravimetric. 

The construction of such curves would also form a useful basis for the 
investigation of the suitability of Xenopus as a test-object for the bio- 
logical standardization of those steroids which are gonadotrophic in Xeno- 
pus, The biological standardization of these steroids would be simpler and 
much more rapid by means of Xenopus than by means of any of the current 
methods employing mammals. 

LIethods 

Adult female Xenopus frogs were obtained fresh from the ponds in 
July 1937 and in January, April, and August 1938. Two hundred or more 
ununals were obtained in each batch, and were kept in running water for one 
or two days before being used in an experiment. The animals were not fed. 

A stock solution of methyl testosterone in nut oil, 5*0 mg. per ml., was 
made. Further dilutions were made from this stock solution as required. 

B 
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The dose to be injected into caclv nnimnl wns contained in 0-2 ml. The 
volume of fluid injected was tlicrcforc constant througliout the duration 
of the experiments. 

All injections were given intrapcritoncally, in the manner described by 
Shapiro and Zwarenstein [1935]. Immediately after injection each female 
was placed in a glass container (of capacity 1 pint) half filled with tap- 
water and provided with a perforated screw top. Usually 2, sometimes 3, 
dose levels were investigated at the same time. At least 40 animals were 
injected at each dose level. On the basis of the 1st day’s results, new dose 
levels were tested on the following day, until sufficient data were available 
to construct a dose-response eurve. 

The injections were given at 2 p.m. on the day of an experiment. 
Keadings were taken the following morning at 9 a.m. The animals were 
kept at room temperature. 

In the reading of a test all the animals which had oviposited were 
counted and set aside. The remainder, the apparent negatives, were killed 
by immersion for about 10 minutes in a mixture of other and water. They 
were then dissected to expose the oviducts, which were examined for the 
presence of eggs within them. The eggs, when present, can be seen easil}’^ 
through the thin wall of the oviduct. The stomach was also inspected as a 
matter of routine, as occasionally an animal would eat its oviposited eggs. 
The animals with eggs in their oviducts were counted separately, and are 
shown in Table I imder the heading ‘Ovulation’, to distinguish them from 
the animals which had oviposited. The sum of the ovulating and ovi- 
positing animals was taken for the purpose of calculating the response 
per cent. 

Results 

The results of the four experiments are shown in Table I. 

It is necessary to point out that during the anoestrous months in be- 
tween the breeding seasons certain animals are injected which appear to 
be normal. They fail to oviposit. The routine post-mortem examination 
of the apparent negatives shows that these animals are incapable of ovu- 
lating owing to the severely atrophied condition of their ovaries. The 
number of animals with such completely atrophied ovaries is deducted 
from the total number of animals injected, before the response per cent, is 
calculated. 

The results in Table I are shown grapliicaUy in Fig. 1, the response per 
cent, being plotted against the dose in micrograms. 

Discussion 

The characteristic curves obtained are of a type commonly observed in 
the plotting of biological data. It is clear that the gonadal sensitivity of 
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the animals shows marked seasonal variations. The curves for July 1937 
and August 1938 are very steep. The dose required to produce a 50% 
response (conveniently referred to as OD. 50) is relatively small, viz. 
33*0 iig, in August, These two curves fall well within the breeding 
season (July to September in South Africa). The two curves for January 
and for April 1938, which fall in between the breeding seasons, slope very 

Table I. Bespanse of Xenopus laevis to methyl testosterone 
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much more gradually to a maximum. At this time of the year large 
differences in dosage produce relatively small differences in response. 
OD. 50 is now approximately 360 pg. [April 1938]. The gonadal sensitivity 
18 therefore decreased by about elevenfold in between the breeding seasons. 

It is of interest to note that a closely corresponding change occurs in 
the minimum effective dose, i.e. the least dose capable of producing any 
response at all (M.E.D.). In August 1938 the M.E.D. was 5*0 ;ig,, whereas 
m April 1938 it was 55*0 jxg. The M.E.D. therefore increased elevenfold 
ivhen the sensitivity of the ovaries was diminished elevenfold. 

In performing the experiments, attempts were made to inject the 
animals at dose levels which would give responses in the neighbourhood of 
With two such points, e.g. in the August 1938 data, 44% for 25 pg., 
and 05% for 50 pg., the logarithm of the dose in micrograms can be plotted 
against the response per cent, when a straight line is obtained. This has 
been done for all four experiments in Fig. 2. 
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The number of animals injected for each experimentally determined point is 
indicated by n number beside that point. 

Fia, 1. Seasonal variations in the response of Xenopus lacvis to methyl testosterone. 
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Fia, 2, Logarithm of dose in micrograms against response per cent. 
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The results for August 1938 fall on a mueh more steeply sloping line 
than do those for July in the previous year. It is therefore possible that 
the peak curve may be reached during the breeding season only some 
time after August. This point is under investigation. 

In Kg. 3, the results obtained by Shapiro and Shapiro in 1934 on 
seasonal changes in the gonad ratio are plotted on the same graph as the 
curve relating response per cent, to OD. 50. 


Aug Sep Oct Nov. Dec. Jaa Feb. Uch Apr. Viy Jon Jljf. Aug. Sep. 

0 ■ * Gonad flat to 

, SO 

Fig. 3. Relation between OD. 50 and the gonad ratio. 

Comparison of the two graphs shows that the sensitivity of the ovaries 
estimated physiologically in the present investigation correlates reason- 
ably closely with the seasonal changes in the gonad ratio. As the mass of 
the ovaries decreases relative to the body-weight, the value for OD. 50 
increases. The points for maximinn gonad ratio and for maximum sen- 
sitivity in the two curves are not, however, opposite each other, as that 
for the gonad ratio is reached in July, whereas OD. 50 is lowest, i.e. ovarian 
sensitivity is greatest, in August in the present investigation. It is not 
possible to attach too much importance to this point of difierence as the 
data plotted are for different years. Zwarenstein [1938], however, ob- 
served a similar lack of correlation in the case of progesterone. 

From the results obtained it is clearly possible to assay solutions of 
methyl testosterone quantitatively. The construction of similar curves for 
testosterone, the free hormone, would make it possible to assay these 
substances more rapidly and simply than can be done by any of the known 
mammalian techniques. With this object in view the activity of the 
esterified form of the hormone, testosterone propionate, which is in 
common use clinically is also being investigated. Zwarenstein [1938] 
has shown that progesterone can also be assaj^ed in this manner. The 
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requirements of a reliable method of biological assay include simplicity, 
rapidity, and the use of largo numbers of animals. These conditions are 
readily fulfilled udth Xcnopvs ns the test object. With this method of 
comparison of unknoum solutions with a standard preparation, however, 
it would be necessary to construct monthly curves to take into account 
the seasonal changes in ovarian sensitivity described. 

STBtRLvny 

1. The capacity of methyl testosterone to induce ovulation in Xenopus 
laevis has been investigated quantitatively in July 1937 and in January, 
April, and August 1938. At least 40 animals were injected at each dose 
level. 

2. When the response per cent, is plotted against the dose injected, a 
characteristic curve is obtained in each of the four experiments. 

3. The logarithm of the dose in micrograms when plotted against the 
response per cent, gives a linear relation in all four experiments. 

4. Curves obtained for experiments done in between the breeding 
seasons are displaced to the right, are not as steep ns and rise more gradually 
to a maximum than cmwes obtained for experiments performed during 
the breeding season. 

6. The sensitivity of the ovaries as indicated by the dose required to 
produce ovulation in 60% of the animals is elevenfold greater dining the 
breeding season than in between breeding seasons. 

6. The minimum effective dose, i.e. the least dose capable of producing 
any response at all, is elevenfold smaller during the breeding season than 
it is in between breeding seasons. 

7. The seasonal changes in OD. 50 correlate reasonably well with the 
seasonal changes in the gonad ratio. 

8. The curves obtained provide a basis for a simple and rapid method of 
quantitatively assaying steroids which are gonadotrophic in Xenopiis laevis. 

The author takes much pleasure in thanking Dr. K. Miescher of Messrs. 
Ciba Ltd., Basle, who supplied the methyl testosterone used in this 
investigation. He also wishes to thanlc Dr. A. S. Parkes, P.R.S., in whose 
laboratory at the National Institute for Medical Research, Hampstead, 
preliminary standardization experiments were conducted during the 
author’s tenure of an 1851 Exhibition Science Research Scholarship. 
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THE EFFECTS OF EXTRACTS OF PREGNANT 
MARE SERUM AND HUMAN PREGNANCY 
URINE ON THE REPRODUCTIVE SYSTEM OF 
HYPOPHYSECTOMIZED MALE RATS 

By S. H. LIU^ AND R. L. NOBLE^ 

From the Courtauld Institute of Biochemistry, Middlesex Hospital, London, W. 1 

{Received 15 February 1939) 

Evai^s, Meyer, and Simpson [1933] reported that in male hypophysecto- 
mized rats an extract of pregnant mare serum was capable of causing 
regeneration of atrophied testes and resumption of spermatogenesis and 
fertility. The accessory organs grew to normal size. Histologically the 
testes of the injected animals appeared normal. Similar results have been 
achieved with extracts of human pregnancy urine by Smith and Leonard 
[1934] and Evans, Pencharz, and Simpson [1934], In the present experi- 
ments the relative efficiency of these two types of gonadotrophic extract 
have been compared in their ability to maintain and restore the repro- 
ductive system of hypophysectomized male rats. 

Methods 

Male albino rats of the Wistar Institute strain, to 3 months old, 
weighing 150 to 190 g. were hypophysectomized by a modified Selye 
technique [CoUip, Selye, and Thomson, 1933]. Criteria of complete hypo- 
physectomy were body-weight curve, adrenal weight, and examination 
of sella turcica at autopsy. In doubtful cases the sella was sectioned for 
histological study. Cases of incomplete hypophysectomy are not included 
in this series. 

In one group of rats treatment was commenced immediately after 
hypophysectomy, and in the second and third series 2 weeks and 4 weeks 
respectively were allowed to elapse before treatment was started. The 
treatment was continued for 4 to 6 weeks. In another series no treatment 
was given, but autopsies were performed at various intervals after opera- 
tion to ascertain the rate of atrophy of the reproductive organs. 

The pregnant mare serum extract was Antex Leo, assayed on immature 
^ice, one unit being described as the amount of the extract which doubles 
the weight of the ovaries. The pregnancy urine preparation was Physex 

* On leave from Peiping Union Medical College, Peiping, Chinn. 

performed during the tenure of a Leverhulme Fellowship of the Royal College 
of Phj'sicians, London. 
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Leo, also nssnj'cd on immature mice with a unit defined as tlie amount 
causing the development of corpora lutca in fiO% of the animals. The 
assay of these extracts has been dcsci-ibcd by Hamburger and Pedersen- 
Bjergaard [1937]. 

The extracts were dissolved in normal saline and made up in solutions 
containing 10 mouse units per c.c. The animals were injected subcutan- 
eousl 3 ’^ once daily. Two dosage levels were cmplo^’cd in each scries. In 
immediate treatments these were 0-5 and 1-0 m.u., and in delaj'cd 
treatments 1-0 and 5-0 m.u. rcspcctivcl}'. Each of the treated males was 
mated with two normal females from 4 weeks after the commencement of 
the injections to the Cth week. 

At autops}’’, the testes, prostate, seminal vesicles (with contents), and 
adrenals were dissected and weighed. The testes and tail and head of 
epidid 3 nnis were examined microscopicall 3 ’- for spermatozoa and their 
approximate numbers and motilit 3 ^ The tissues were fixed and studied 
histologicall3^ 


Besults 

Hypophyseclomizcd’ controls. The results on untreated h 3 ’^poph 3 ’^secto- 
mized animals are shov’n in Table I. 

Table I. Bate of atrophy of rcj)rodnctivc system of adult male rats after 

liypopliysectomy 


Bod}’-- Organ weights per 100 g. Spermatozoa 


Timo 

after 

operation 

No. weight 
of at 

rats autopsy 

Pro- 

state 

Seminal 

vesicles 

—A 

Testes 

Adrenals 

Hoad 

opidid}Tnis 

A.. 

Tail 

Testis 

Weeks 

Unoporatod 

11 

g- 

158-80 

mg. 

19G 

mg. 

149 

mg. 

1269 

mg. 

17-9 

+ + + 

+ + + 

+ + + 

1 

4 

107-40 

120 

52 

1204 

12-6 

± 

+ 

+ + + 

2 

4 

112-30 

109 

56 

854 

12-6 

± 

± 

+ + 

3-4 

5 

113-56 

87 

42 

366 

8*8 

0 

0 

0 

G 

2 

140 

54 

34 

273 

5-7 

0 

0 

0 

10 

1 

109 

81 

40 

258 

7-3 

0 

0 

0 


The seminal vesicles and prostate degenerated ver 3 ’’ rapidly after 
operation. In 1 to 2 weeks they were approximately half the size of un- 
operated controls. Further degeneration occurred more slowly, and in 
6 weeks it was almost complete. The decline in testicular weight was 
somewhat more gradual, but b 3 '^ 6 weeks it also reached a stead 3 ’’ low level. 
Likewise there was a progressive decline in the adrenal weight until 6 
weeks, when the lowest level was reached. Spermatozoa began to dis- 
appear from the head of epididymis within the 1st week, and from the 
tail of epididymis within the 2nd week of operation. By the 3rd to 4th 
week no spermatozoa could be found either in the epididymis or testis. 
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Immediate treatment. As shown in the first part of Table II, treat- 
ment with Antex 0-5 or 1*0 m.u. daily, maintaiaed the testis weight for 
the duration of the experiment, namely, 42 days, and spermatogenesis 
went on unabated. Fertile mating resulted in three rats treated with 1 m.u. 
daily, although no litters were sired by rats receiving 0-5 m.u. daily. The 
substitution therapy with Antex at a dosage of 1 m.u. daily was therefore 

Table II. Results of treatment with pregnanl mare serum extract (Antex) in 
adult male hypophysectomized rats 


Treatment Body-weight Organ weights per 100 g. Spermatozoa 



m.u. Days g. g, mg. mg. mg. mg. 


Immediate treatment 

332 0-5 6 169 133 287 212 1443 19-5 + + + + + + + + + - 

335 0-5 7 169 132 168 66 1218 12-1 + + + + + + + + + — 

331 0-5 11 149 113 225 230 1490 10-6 + + + + + + + + + - 

402 0-5 14 174 120 203 85 1484 10-0 + + + + + + + + + — 

336 0-5 42 188 160 80 38 1150 5-0 + + + + + + + + + 0 

365 0-5 42 190 150 690 948 1030 5-3 + + + + + + + + + 0 

401 0-5 42 187 157 436 574 1130 5-7 + + + + + + + + + 0 

333 1-0 11 169 130 265 253 1305 12-3 + + + + + + + + + — 

334 1-0 11 154 124 292 348 1730 10-4 + + + + + + + + + - 

404 l-O 18 158 119 384 504 1550 10-0 + + + + + + + + + - 

337 1-0 42 167 133 262 248 1110 6-0 + + + + + + + + + + 

367 1-0 42 174 132 32I 355 1040 4-5 + + + + + + + + + + 

403 1-0 42 196 168 510 832 1100 4-2 + + + + + + + + + + 

Treatment delayed 2 weeks 

357 1-0 28 160 128 73 30 410 5-5 0 0 0 — 

358 1-0 28 168 148 115 111 426 5-4 0 0 0 - 

391 l-O 28 193 158 243 253 670 6-9 0 0 + _ 

390 1-0 28 172 146 336 463 638 4-8 ++ ++ ++ _ 

Jv 5-0 28 198 130 900 980 820 4-6 ++ + + + + + + - 

18 5-0 42 193 140 143 74 315 4-3 0 0 0 0 

300 6-0 42 183 128 677 610 860 6-2 + + +0 

Treatment delayed 4 weeks 

351 1-0 28 177 151 75 49 290 6-6 0 0 0 — 

352 1-0 28 176 122 105 40 219 5-7 0 0 0 — 

354 l-O 28 175 138 440 427 560 4-4 0 0 + _ 

406 S-O 15 172 154 394 744 556 8-4 0 0 0 - 

337 50 21 166 139 302 1020 478 5-0 0 0 0 - 

3J4 s-o 26 164 125 705 1250 595 5-6 0 0 0 — 

400 5-0 42 185 143 1052 1023 829 4-2 ++ -f-i- J-j. q 

'8 5-0 42 198 154 493 431 860 3-9 -f V 0 

53 s-o 42 156 119 103 69 644 5-9 0 0 0 0 

Result of mating: + = normal litters sired, 0 = no pregnancy, — = not mated. 
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complete as far as the spermatogenic function was concerned, Tlie acces 
sory organs were stimulated so that their weights at the end of 6 week 
treatment were much greater tlian those of normal untreated controls, tin 
seminal vesicles being distended with secretion. Histologically the semi 
niferous tubules appeared to be normal with slight increase, in some case; 
of interstitial tissue. 

Delayed treatment. When treatment was started 2 weeks after hypo 
physectomy when considerable degeneration had taken place, Antex 1 m.u 
daily was not sufficient to bring about much repair although post-opera 
tive atrophy was somewhat slowed, especially that of the accessories 
Increasing the dosage to 5 m.ii. per day brought about considerablj 
greater repair to the testes and marked stimulation to the prostate anc 
seminal vesicles in two (HRt. No, 17 and 200) out of the three rats thus 
treated. Spermatozoa were present in the testes and epididymis, althougl 
mating was sterile. Histologically spermatogenesis was in evidence, bui 
the seminiferous tubules were smaller than normal. The interstitial 
tissue showed marked proliferation. 

The results of therapy started 4 weeks after hypophysectomy were noi 
essentially different from those where treatment was initiated 2 weeks 
after operation. At the dosage level of 1 m.u. per day one rat (HRt. 354) 
was restored somewhat in testicular weight and stimulated in the growth 
of the accessories, but the other two showed no effect. However, when the 
dosage was increased to 5 m.u. daily, greater restoration of the repro- 
ductive organs occurred. In this group three rats were treated for 15 to 26 
days, and three rats for 42 days. The latter receiving the longer period of 
therapy showed greater testicular weight with reappearance of spermato- 
genesis in the majority of instances, although the stimulation of the acces- 
sories was approximately of the same degree. Pregnancy did not occur in 
any of the females mated Avith the rats of this group. In the sections of 
testes from rats shoAving marked stimulation of the accessory sex glands, 
striking interstitial cell proliferation Avas again in evidence, as shoAAOi in 
Kg. 1. 


Pregnancy Urine Extract 

Immediate treatment. Physex at the dosage of 0-5 or 1*0 m.u. per day 
was ineffective in maintaining the reproductive system of hypophysecto- 
mized male rats. At the end of 42 days treatment (Table III) the testes 
Aveighed on the average but little more than those of the untreated oper- 
ated controls at 3 to 4 weeks (Table I). Spermatogenesis was absent. The. 
secondary sex organs, though someAvhat heavier than those of the un- 
treated operated controls, remained atrophic. 

Delayed treatment. The data on rats receiving therapy 2 weeks after 
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hypophysectomy were not complete (Table III). Only one animal was 
available, which received 1 m.u. of Physex daily for 37 days. The results 
showed no significant degree of restoration to the reproductive system. 
In the series treated with 5 m.u. daily the response of the testes was more 

Table in. Resvlis of irecutment with pregnancy urine extract {Physex) in 
^vlt male hypophyseclomized rats 


Treatment Body-weight Organ weights i>er 100 gm. Spermatozoa 



No. m.u. Days g. g. mg. mg. mg. mg. 


3[iiimediate treatment 


u 

0-5 

6 

168 

128 

320 

265 

1280 

18*7 

+ + + 

4-4-4- 

-l--P4- 

— 

13 

0-5 

14 

166 

106 

380 

539 

1754 

11-3 

4- + + 

4-4-4- 

4-4-4- 

— 

84 

0-5 

42 

161 

141 

117 

75 

470 

5-7 

0 

0 

0 

0 

193 

0-5 

42 

181 

140 

101 

48 

281 

5*0 

0 

0 

0 

0 

194 

0-5 

42 

186 

142 

122 

55 

428 

7-0 

0 

0 

0 

0 

16 

1*0 

6 

172 

138 

416 

501 

1561 

20-2 

+ 4'-}- 

'l-4'4' 

4-4-4- 

— 

85 

1-0 

42 

153 

145 

95 

59 

324 

5-5 

0 

0 

0 

0 

86 

1-0 

42 

165 

135 

130 83 678 5-9 

Treatment delayed 2 weeks 

0 

0 

0 

0 

196 

1-0 

37 

160 

88 

141 

111 

313 

6*8 

0 

0 

0 

0 

87 

60 

7 

165 

147 

340 

422 

1437 

80 

4-4-4- 

-j- 4“ -h 

4-4-4- 


190 

5-0 

17 

166 

98 

265 

418 

925 

8*2 

0 

0 

0 

— 

88 

50 

42 

175 

128 

181 

83 

931 

8-6 

4- 

4-4- 

4-4- 

4- 

192 

6-0 

42 

178 

124 

113 91 306 4*0 

Treatment delayed 4 weeks 

0 

0 

0 

0 

2 

1‘0 

5 

183 

144 

175 

102 

291 

6-9 

0 

0 

0 



1 

1-0 

39 

184 

118 

157 

75 

492 

4*2 

0 

0 

0 

0 

81 

1*0 

42 

186 

135 

121 

68 

252 

3-7 

0 

0 

0 

0 

82 

1*0 

42 

173 

164 

73 

30 

133 

3*9 

0 

0 

0 

0 

11 

50 

33 

150 

118 

160 

68 

404 

5-9 

0 

0 

0 

0 

7 

60 

42 

164 

125 

177 

126 

1126 

5*6 

+ -h + 

4-4-4- 

4-4-4- 

4- 

8 

6-0 

42 

164 

132 

276 

108 

1238 

3*8 

4- + 4“ 

-h 4- -h 

4-4-4- 

-h 

79 

60 

42 

198 

150 

174 

74 

1008 

6*7 


4-. 

4-4- 

0 


Result of mating : 

+ - 

normal litters sired, 0 

= no pregnancy. 

~ ^ not mated. 



marked. In three instances out of four the weight was greater than that of 
Untreated operated controls at 2 weeks, and in two instances spermato- 
genesis was restored; and in one case, mating was fertile. The accessories 
exhibited definite stimulation in the rats given a shorter period of treatment, 
but regression took place in those given 42 days of therapy. This suggests 
that Physex in adequate doses stimulates the accessory sex glands initially, 
but in continued administration this effect is lost, allovdng regression to 
take place. 

When therapy was delayed 4 weeks after hypophysectomy 1 m.u. a day 
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complete ns far as the spermntogenie function was concerned. TJic acces- 
sory organs were stimulated so that their weights at the end of 6 weeks 
treatment were much greater than those of normal untreated controls, the 
seminal vesicles being distended with secretion. Histologically the semi- 
niferous tubules appeared to be normal with slight increase, in some cases 
of interstitial tissue. 

Delayed' ireatment. When treatment was started 2 weeks after hypo- 
physectomy when considerable degeneration had taken place, Ante.v 1 ra.u. 
daily was not sufficient to bring about much repair although post-opera- 
tive atrophy was somewhat slowed, especially that of the accessories. 
Increasing the dosage to 5 m.u. per day brought about considerably 
greater repair to the testes and marked stimulation to the prostate and 
seminal vesicles in two (HRt. No. 17 and 200) out of the three rats thus 
treated. Spermatozoa were present in the testes and epidid^nnis, although 
mating was sterile. Histologically spermatogenesis was in evidence, but 
the seminiferous tubules were smaller than normal. The interstitial 
tissue showed marked proliferation. 

The results of therapy started 4 Aveeks after bypophysectomy were not 
essentially different from those Avhere treatment Avas initiated 2 weeks 
after operation. At the dosage level of 1 m.u. per day one rat (HRt. 354) 
was restored somewhat in testicular Aveight and stirnffiated in the growth 
of the accessories, but the other two showed no effect. However, Avlien the 
dosage was increased to 5 m.u, daily, greater restoration of the repro- 
ductive organs oecurred. In this group tluree rats Avere treated for 15 to 26 
days, and three rats for 42 days. The latter receiAung the longer period of 
therapy shoAved greater testieular Aveight Avith reappearance of spermato- 
genesis in the majority of instances, although the stimulation of the acces- 
sories was approximately of the same degree. Pregnancy did not occur in 
any of the females mated Avith the rats of this group. In the sections of 
testes from rats shoAving marked stimulation of the accessory sex glands, 
striking interstitial cell proliferation Avas again in evidence, as shoAm in 
Kg. 1. 


Pregnancy Urine Extract 

Immediate treatment. Physex at the dosage of 0-5 or 1-0 m.u. per day 
was ineffective in maintaining the reproductive system of hypophysecto- 
mized male rats. At the end of 42 days treatment (Table III) the testes 
Aveighed on the average but little more than those of the untreated oper- 
ated controls at 3 to 4 weeks (Table I). Spermatogenesis was absent. The. 
secondary sex organs, though somcAvhat heavier than those of the un- 
treated operated controls, remained atrophic. 

Delayed treatment. The data on rats receiAung therapy 2 weeks after 
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hypophysectomy were not complete (Table III). Only one animal was 
available, which received 1 m.n. of Physex daily for 37 days. The results 
showed no significant degree of restoration to the reproductive system. 
In the series treated with 5 m.u. daily the response of the testes was more 


Table III. Results of treatment with pregnancy urine extract {Physex) in 
adult male hypophysectomized rals 


Treatment Body-weight Organ 

weights per 100 gm. 

Spermatozoa 
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No. ; 

m.u. 

Days 

g* 

g- 

mg. 

mg. 
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xng. 










Immediate treatment 





14 

0-5 

6 

168 

128 

320 

265 

1280 

18*7 

H- 4* + 

4-4-4- 

4-4-4- 

— 

12 

0-5 

14 

165 

106 

380 

639 

1754 

11*3 

4- + + 

4--f + 

-i--i-4- 


84 

0-5 

42 

161 

141 

117 

75 

470 

5*7 

0 

0 

0 

0 

193 

0-5 

42 

181 

140 

101 

48 

281 

5*0 

0 

0 

0 

0 

194 

0-5 

42 

186 

142 

122 

55 

428 

7*0 

0 

0 

0 

0 

16 

1-0 

6 

172 

138 

416 

501 

1561 

20*2 

+ 4- + 

4-4-4- 

4-4-4- 

— 

85 

1-0 

42 

163 

145 

95 

59 

324 

5 5 

0 

0 

0 

0 

86 

1-0 

42 

165 

135 

130 

83 

578 

6*9 

0 

0 

0 

0 


196 1-0 S7 160 88 

87 6-0 7 165 147 

190 5-0 17 166 98 

88 5-0 42 175 128 

192 6'0 42 178 124 


2 1-0 5 183 144 

1 1-0 39 184 118 

81 1-0 42 186 135 

82 l-o 42 173 154 

11 5-0 33 160 118 

\ 60 42 164 125 

8 6-0 42 164 132 

79 5-0 42 198 150 


Treatment delayed 2 weeks 


141 

111 

313 

6*8 

340 

422 

1437 

8*0 

265 

418 

925 

8*2 

181 

83 

931 

8*6 

113 

91 

306 

4*0 

Treatment delayed 4 weeks 

175 

102 

291 

6*9 

157 

75 

492 

4*2 

121 

68 

252 

3*7 

73 

30 

133 

3*9 

160 

68 

404 

5*9 

177 

126 

1126 

6*6 

276 

108 

1238 

3*8 

174 

74 

1008 

6*7 


0 

0 

0 

0 

4-4-4- 

4-4-4- 

-f-h-h 

— 

0 

0 

0 

— 

4- 

4-4- 

4-4- 

4- 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4- -f- -l- 

4-4-4- 

4--|-4- 

4- 

4-4-4- 

4-4-4- 

4-4-4- 

4- 

4- 

4- 

4-4- 

0 


Result of mating: = normal litters sired, 0 = no pregnancy, — = not mated. 


Kiatked. In three instances out of four the weight was greater than that of 
'intreated operated controls at 2 weeks, and in two instances spermato- 
r restored ; and in one case, mating was fertile. The accessories 

biteddefinitestimulationintheratsgivenashorterperiod of treatment, 

th book place in those given 42 days of therapy. This suggests 

■‘^hysex in adequate doses stimvdates the accessory sex glands initially, 
j^j_^^^^°’^binued administration this efiect is lost, allowing regression to 

When therapy was delayed 4 weeks after hypophysectomy 1 m.n. a day 
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was likewise ineffective in bringing about any significant repair in the 
atrophied testes and secondary sex glands, but a daily dose of 6 m.u. was 
much more efficient. In the latter group of four rats, three showed at the end 
of 6 weeks’ treatment testicular weights approacliing those of normal con- 
trols, and active spermatogenesis (Fig. 2). Fertile mating occurred in two 
of the rats. Of the secondary sex glands, the prostate was approximately 
the same in weight as the unoperated controls, while the seminal vesicles 
were somewhat smaller. The substitution therapy therefore was appar- 
ently complete from the viewpoint of spermatogenesis, but not so when 
the accessory glands were considered. An initial stimulation of the 
accessories followed by regression may have occurred, as shovm in the 
group of rats treated 2 weeks after operation with 5 m.u. a day for a 
varying number of days. 


Discussion 

From the above results on the rat it is clear that both the extract of 
pregnant mare serum and pregnanej’^ urine have a stimulating action, but 
they differ in several important respects. In maintenance experiments 
when treatment commenced immediately after hypophysectomy, Antex 
in daily doses of 0'6 or 1*0 m.u, was able to sustain spermatogenesis and 
stimulate interstitial cell function for as long as 42 days after ablation of 
the pituitary while similar doses of Phj’^sex were ineffective. Thus in 
contrast to Antex, 1 m.u. of Physex (assayed by a different technique) 
does not contain sufficient gonadotrophic substance to produce significant 
effects on the reproductive system of hj’pophysectomized male rats. 
Higher dosage of Physex would probably be effective, as shown in repara- 
tive experiments. 

In reparative treatment, Antex in 5 m.u. daily dose was more effective 
as an interstitial cell stimulator, but less efficient in restoring spermato- 
genesis than Physex in similar dosage. Thus Antex-treated rats showed 
greater prostate and seminal vesicle weights, but smaller testes than 
Physex-treated animals. While mating of Antex-treated rats did not result 
in any fitters, it was fruitful in some of the Physex-treated animals. In- 
creasing the dosage of Physex from 1 to 5 m.u. brought its effect on 
spermatogenesis from a position of relative ineffectiveness to one of 
marked potency ; while a similar increase in the dosage of Antex failed to 
produce any greater effect in restoring than in maintaining spermatogenio 
function. This suggests that the difference between the dose required in 
maintenance and that in restoration is greater in the case of Antex than 
in Physex. 

The relative lack of interstitial cell stimulating action in Physex may 
only be apparent rather than real, as it is possible that shorter periods of 
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treatment produced larger prostate and seminal vesicle weights, whereas 
after 6 weeks treatment, regression in size had taken place. However, in 
the spermatogenic activity of either Physex or Antex there is no evidence 
of initial stimulation followed by subsequent regression in the response of 
the testis. 

In the experiments of Evans et aL [1933] on the action of pregnant 
mare serum on hypophysectomized male rats, the interval between 
operation and injection varied between 29 and 41 days and the treatment 
was continued for 14 to 84 days. This corresponds to the delayed treat- 
ment described. The stimulation of the interstitial cells and restoration 
of spermatogenic function has been confirmed, but the latter was ap- 
parently not complete in that no fertile mating occurred. This failure may 
he related to the dosage employed. At a higher dosage level it is possible 
that enough enhancement of spermatogenesis may occur as to result in 
fertile mating. It must be pointed out, however, that the secondary effect 
of the androgens which are liberated in response to Antex may be an im- 
portant factor in maintaining spermatogenesis. Cutuly, McCuUagh, and 
Cutuly [1937 and 1938] showed that chemically pure androsterone and 
testosterone would maintain the tubules of the testes after hypophys- 
ectomy, if injection were started immediately post-operative. Once the 
testes were atrophied, however, the androgens would not cause repair of 
the tubules. The observed findings that Antex would maintain spermato- 
genesis if injections were started immediately after hypophysectomy, but 
did not restore spermatogenesis to a point where fertile matings occurred 
when therapy ^yas delayed for 2 to 4 weeks, could be explained on the 
^xpenmental findings of Cutuly et al. However, since there was definite 
istological evidence of spermatogenesis in some cases and a definite in- 
crease in the weight of the testes, it would seem that Antex produced a 
^ect action on the testes in the delayed treatment experiments. The 
secondary liberation of androgens in the immediate experiments is 
probably an accessory factor in maintaining spermatogenesis. 

Smith and Leonard [1934] noted that in hypophysectomized male 
^^ts, treatment with pregnancy urine extract produced an enlargement 
^ the accessory reproductive organs and hypertrophy of the interstitial 
30th day of treatment there was a marked regression of 
0 accessories and the interstitial tissue. Likewise Creep and Fevold 
I 37] showed that in adult hypophysectomized rats partial regression of 
e accessory organs occurred after 30 to 40 days of treatment with 
cinizing hormone of the pituitary. In the results described a similar 
Phenomenon was apparent so that by the 42nd day of treatment ^vith 
jsex the prostate and seminal vesicles were either atrophic or only 
tly restored. In the experiments of Smith and Leonard they were 
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unable to restore completely the spcrnmlogcnic function of their animals 
when injections of pregnancy’ urine extract were begun after a lapse of 
20 to 75 days following operation. In the experiments described above 
the restoration with a similar preparation seemed complete in that fertility 
returned in some of the animals treated with a daily dose of 5 m.u. starting 
from 2 or 4 weeks after hypophysectomj'. 

SUiMMAIiy 

The gonadotrojohic effects of extracts of pregnant marc scrum and preg- 
nancy urine were compared in adult male hypophyscctomizcd rats. When 
treatment was instituted immediately after operation small doses of preg- 
nant mare serum extract were adequate in stimulating interstitial cells with 
resulting enlarged accessor}’’ reproductive organs, and in maintaining 
spermatogenesis so that mating was fertile. Pregnancy urine extract in 
similar doses was ineffective. When treatment was delayed for 14 or 28 da3's 
after operation, but given in 5 or 10 times the dosage used in immediate 
treatment, pregnant mare scrum seemed to be a more efficient interstitial 
cell stimulator than pregnancy urine, but the reverse was true in regard to 
the spermatogenie effect. 
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Fio. 1. Testis of rat (HRt 400) treated with 5 m.u. Antex daily for 42 days starting 
4 weeks after hypophysectomy. x 190 



Fxo. 2. Testis of rat (HRt 8) treated with 5 m.u. Phj*POX daily for 42 da>’8 
storting 4 weeks ofter hj'pophj-scctomy. x 130 
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unable to restore completely the spcnnalogcnic function of th 
when injections of pregnancy' urine extract were begun aftei 
20 to 75 days following operation. In the experimcnls deser; 
the restoration with a similar preparation seemed complete in th 
returned in some of the animals treated with a daily dose of 5 m. 
from 2 or 4 weeks after hypophyscctomj'. 
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The gonadotrophic cfTccts of extracts of ])rcgnant marc scrum a 
nancy urine were compared in adult male hj'pophyscctomized rat; 
treatment was instituted immcdiatel}’’ after operation small doses 
nant mare scrum extract were adequate in stimulating interstitial ct 
resulting enlarged accessory reproductive organs, and in main 
spermatogenesis so that mating was fertile. Pregnancy urine ext 
similar doses was ineffective. When treatment was delayed for 14 or 2 
after operation, but given in 5 or 10 times the dosage used in imm 
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Fig, 1. Testis of rat (HRt 400) treated with 5 m.u. Ajitex daily for 42 days starting 
4 weeks after hjrpophysectomy. x 190 ^ ° 



Fiq. 2. Testis of mt (HRt 8) treated with 5 m.u. Ph>*scx daily for 42 da\Ti 
starting 4 MTCcks after h>*poph\*sectomy. x 130 “ ^ 




THE EFFECTS OF EXTRACTS OF PREGNANT 
MARE SERUM AND HUMAN PREGNANCY 
URINE ON THE REPRODUCTIVE SYSTEM OF 
HYPOPHYSECTOMIZED FEMALE RATS 

By S. H. LIUi AND R. L. NOBLE^ 

From the Gourtauld Imiiiute of Biochemistry, Middlesex Ros'pital, London, W . 1 
{Received 15 February 1939) 

In a preceding paper pLiu and Noble, 1939] it has been shown that in male 
hypophysectomized rats, extracts of both pregnant mare serum and 
pregnancy urine were capable of exerting a marked effect on the testes as 
well as on the accessory sex organs. In the present experiments it was 
attempted to determine how far the results obtained on the male were 
comparable with those on the female hypophysectomized rats under 
similar experimental conditions. 

Methods 

The experimental procedure was the same as previously reported [1939]. 
Vaginal smears were made daily to determine the oestrogenic activity. 
In mating experiments, normal males were placed with the hypophys- 
ectomized females at 2 weeks after the commencement of treatment. 


E/ESUDTS 

Sypojyhyseciomized controls. As shown in Table I, the rate of atrophy 
of ovaries and uteri of hypophysectomized rats was gradual up to 6 weeks 
after operation. After that time very little further decline in weight 
occurred. The vaginal smear showed a dioestrus condition within 3 to 


Table I. Rate of atrophy of sex organs of female rats after hypophysectomy 

Organ weights per 100 g. body-weight 


Tim© after 

No. of 

Body-weight 

Urgan W( 

hypophysectomy 

rats 

at autopsy 

Ovaries 

Weeks 

Unoperated 

6 

g- 

145-73 

mg. 

28*7 

1 

4 

126-44 

24*3 

2 

6 

120-68 

22-5 

3-4 

4 

114-36 

17-0 

6 

3 

136-67 

150 

8 

2 

146-53 

15-8 

10 

2 

137-60 

9-0 


Uteri 
mg. 
240 
142 
129 
117 
82 
78 
63 


Adi-enals 

mg. 

32*5 

28-8 

23-2 

14-2 

8-9 

6*4 

6-7 


' On leave from Peiping Union Medical College, Peiping, China. 

’ Work performed during the teniire of a Loverhulmo Fellowship of the Ho al r ii 
of Ph^-aicians, London. ^ ^ 
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4 days after hypophyscctomy ; liistologicnlly the follicles rapidly de- 
generated and disappeared, but corpora lutca remained for relatively long 
periods. Even after 10 weeks, corpora lutca were still discernible, although 
much fibrous tissue replacement had taken place. 

Pregnant Mare Scrujji Extract 

Immediate treatment. Wlien treatment was given immediately after 
hypophyscctomy 0-6 m.u. of Antex daily maintained the ovarian weight 
and increased the uterine weight for 24 to 34 days (Table II). Vaginal 
oestrus continued for the duration of the experiment. However, in one 
animal (HRt 259), in wliich treatment was carried on for 42 days, the 
ovaries and uterus were markedly atrophied and cessation of vaginal 
oestrus occurred by the 27tli day of treatment. Eive rats treated for 12 


Table II. Besnlts of treatment with ‘pregnant mare sernm extract {Antex) in 

female hypophysectomized rats 

Oestrus after 


Treatment Bocly-Tvoiglit Organ weights per 100 g. treatment 
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Immediate treatment 





172 

0*5 

24 

200 

147 

30*6 

246 

14*3 
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17+ 
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0*5 

33 

192 

138 

34*8 

538 

10*9 

6 
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34 
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no 
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42 
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24*8 
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no 
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no 

11 + 
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6*0 

38 

184 
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5 

no 

33+ 
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to 23 days had an approximately normal ovarian weight and distinctly 
heavier uterine weight than the unoperated controls (Table I). Vaginal 
oestrus was maintained for the entire period. The histological sections 
showed many large corpora lutea, with a few well developed follicles. 

Delayed treatment. When Antex therapy was started 2 weeks after 
hypophysectomy and given in 1 m.u. daily dosage for 23 to 47 days, some 
regression in ovarian weight was found, but uteri were larger than normal. 
At a dosage of 5 m.u. per day, treatment for 10 to 15 days in three rats re- 
sulted in larger ovaries than normal, while treatment for 34 to 35 days in 
two other rats gave ovarian weights approaching normal, but less than those 
treated for the shorter period. Uteri were larger than normal in all cases, 
and vaginal oestrus always continued for the duration of the experiment. 

When therapy was not instituted until 4 weeks after operation 1 m.u. 
per day of Antex for 42 days was apparently not sufficient to produce 
normal ovarian weight, although normal uterine weight was maintained. 
When the dosage was increased to 5 m.u. daily, one rat treated for 16 days 
gave larger ovaries and the other treated for 38 days gave somewhat 
smaller ovaries than normal. Uteri in both cases were large and vaginal 
oestrus was continuous for as long as 37 days. 

Mating occurred in three animals in this series as shown by the presence 
of vaginal plugs, but no pregnancy followed. 

Histologically the larger ovaries associated with the shorter period of 
treatment showed many well-formed corpora lutea with occasional fully 
developed follicles, but the smaller ovaries, from rats treated for the longer 
period, exhibited regressing corpora lutea and a few primordial follicles. 
Interstitial stroma appeared to be increased. 

Pregnancy Urine Extract 

Immediate treatment. As shown in Table III, Physex therapy started 
immediately after hypophysectomy in 0*5 m.u. daily doses maintained 
the ovarian and increased the uterine weight in the rats treated up to 
22 days. One rat in the series receiving the treatment for 43 days showed 
marked regression in weight of both ovaries and uterus. The group 
receiving 1 m.u. daily consisted of nine rats treated for a period var 3 ^ing from 
5 to 42 days. The ovarian and uterine weights showed an inverse relation- 
ship with the duration of treatment, indicating that there was an initial 
stimulation followed by subsequent regression. Likevdse the animals 
exhibited continuous vaginal oestrus shortly after the commencement of 
treatment, but within 14 to 19 days oestrus gave place to dioestris in spite 
of continued treatment. The state of anoestrus was usually associated 
with smaller ovaries and uteri. Histologically^ corpora lutea were well 
developed with a few atretic follicles. 


c 
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4 days after liypophysectomy ; liistologicnlly the foUicles rapidly de- 
generated and disappeared, but corpora lutea remained for relatively long 
periods. Even after 10 weeks, corpora lutea were still discernible, although 
mueh fibrous tissue replacement had taken place. 


Pregnant Marc Scrum Extract 

Immediate treatment. When treatment Avas given immediately after 
hypophysectomy 0*5 m.u. of Antex daily maintained the ovarian Aveight 
and increased the uterine AV'eight for 24 to 34 days (Table II). Vaginal 
oestrus continued for the duration of the experiment. HoAA'ever, in one 
animal (HRt 259), in AA'hich treatment Avas earned on for 42 days, the 
ovaries and uterus Avere markedly atrophied and cessation of vaginal 
oestrus occurred by the 27th day of treatment. Five rats treated for 12 


Table II. Jtesnlts of treatment with pregnant mare serin7i extract {Antex) in 

female Injpopliyscctomizcd. rats 


Ocstnis after 



Treatment 

A 

Body -'weight 

. Jk 

Organ weights per 100 g. 

A 

treatment 


(D 

A 

d 

.2 


t 


A 



1 


xn 

O 

d 

.2 

d 

-4-3 

d 

u 

a> 

CO 

04 

o 

d 

to 

.2 

to 

g 

-a 

d 

d 

o 

O 

d 

.2 

d 

d 

.2 

d 


*3 

a 

o 

d 

d 

> 

.2 


s 

CO 

CO 

<p 

9 


P 

p 

< 

< 

O 

P 

< 

o 

o 

P 

HRt no. 

m.u. 

Days 

g- 

g- 

mg. 

nig. 

mg. 

Days 

Days 

Da3"8 





Immodiato treatment 





172 

0-5 

24 

200 

147 

30-0 

246 

14*3 

7 

no 

17+ 

170 

0*5 

33 

192 

138 

34-8 

538 

10*9 

6 

no 

27+ 

173 

0-5 

34 

177 

120 

32-5 

550 

11*7 

6 

no 

28+ 

259 

0-5 

42 

172 

147 

14-3 

108 

7-5 

6 

27 

21 

174 

1-0 

12 

173 

120 

33*3 

391 

28*3 

5 

no 

7+ 

260 

1*0 

19 

160 

104 

31-7 

435 

17*3 

6 

no 

14+ 

211 

1-0 

21 

178 

136 

28*7 

257 

16*9 

5 

no 

16+ 

175 

1-0 

23 

195 

113 

33*6 

410 

15*0 

5 

no 

18+ 

212 

1*0 

23 

183 

149 

20*1 

326 

17*4 

5 

no 

18+ 




Treatment delayed 2 weeks 





161 

1-0 

23 

180 

125 

22-4 

267 

10*4 

6 

no 

17+ 

162 

10 

32 

160 

126 

19-8 

274 

13*5 

6 

no 

26+ 

157 

I'O 

47 

180 

138 

23-2 

308 

11*6 

6 

no 

41 + 

213 

5-0 

10 

169 

133 

24-8 

287 

13*5 

4 

no 

0+ 

135 

50 

11 

182 

128 

47-7 

365 

19*5 

4 

no 

7+ 

133 

5*0 

15 

161 

129 

39-5 

308 

11*6 

4 

no 

11 + 

214 

50 

34 

191 

136 

19*9 

305 

8*1 

4 

no 

30+ 

132 

5-0 

35 

187 

122 

32*8 

500 

11*5 

5 

no 

30+ 




Treatment delayed 4 weeks 





109 

1-0 

42 

177 

145 

9*2 

157 

6*9 

6 

no 

36+ 

112 

1-0 

42 

150 

111 

24*3 

273 

7*2 

5 

no 

37+ 

113 

1-0 

42 

155 

109 

24*8 

297 

7*3 

5 

no 

37+ 

108 

5‘0 

16 

175 

118 

39*8 

415 

9*3 

5 

no 

11 + 

107 

5-0 

38 

184 

136 

21*3 

280 

9*6 

5 

no 

33+ 



GONADOTBOPHIC HORMONES 17 

to 23 days had an approximately normal ovarian weight and distinctly 
heavier uterine weight than the unoperated controls (Table I). Vaginal 
oestrus was maintained for the entire period. The histological sections 
showed many large corpora lutea, with a few well developed follicles. 

Ddayed treatment. When Antex therapy was started 2 weeks after 
hypophysectomy and given in 1 m.u. daily dosage for 23 to 47 days, some 
regression in ovarian weight was found, but uteri were larger than normal. 
At a dosage of 5 m.u. per day, treatment for 10 to 15 days in three rats re- 
sulted in larger ovaries than normal, while treatment for 34 to 35 days in 
two other rats gave ovarian weights approaching normal, but less than those 
treated for the shoirter period. Uteri were larger than normal in aU cases, 
and vaginal oestrus always continued for the duration of the experiment. 

When therapy was not instituted until 4 weeks after operation 1 m.u. 
per day of Antex for 42 days was apparently not sufficient to produce 
normal ovarian weight, although normal uterine weight was maintained. 
When the dosage was increased to 5 m.u. daily, one rat treated for 16 days 
gave larger ovaries and the other treated for 38 days gave somewhat 
smaller ovaries than normal. Uteri in both cases were large and vaginal 
oestrus was continuous for as long as 37 days. 

Mating occurred in three animals in this series as shown by the presence 
of vaginal plugs, but no pregnancy followed. 

Histologically the larger ovaries associated with the shorter period of 
treatment showed many well-formed corpora lutea with occasional fully 
developed follicles, but the smaller ovaries, from rats treated for the longer 
P^nod, exhibited regressing corpora lutea and a few primordial follicles, 
kiterstitial stroma appeared to be increased. 


Pregnancy Urine Extract 

. treatment. As shown in Table III, Physex therapy started 

i^ediately after hypophysectomy in 0-5 m.u. daily doses maintained 
^ ovarian and increased the uterine weight in the rats treated up to 
days. One rat in the series receiving the treatment for 43 days showed 
Marked regression in weight of both ovaries and uterus. The group 
Receiving 1 m.u, daily consisted of nine rats treated for a period varying from 
0 42 days. The ovarian and uterine weights showed an inverse relation- 
'^th the duration of treatment, indicating that there was an initial 
followed by subsequent regression. Likewise the animals 
mited continuous vaginal oestrus shortly after the commencement of 
^ but within 14 to 19 days oestrus gave place to dioestrns in spite 

Iroatment, The state of anoestrus was usually associated 
^ smaller ovaries and uteri. Histologically corpora lutea were well 
oped with a few atretic follicles. 
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remained stimulated and oestrus was continuous throughout the experi- 
mental period. Mating took place, but no pregnancy followed. 

Pregnancy urine extract maintained or restored ovarian weight, but 
regression on prolonged treatment was more marked and took place 
rapidly. A regression in uterine weight followed after initial stimulation. 
Vaginal oestrus was maintained only for a short period despite continued 
treatment. Mating did not occur, 
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predominating luteinizing action, especially in cases -where treatment was 
prolonged. 

Both extracts consistently induced continuous vaginal oestrus in hypo- 
physectomized rats, althougli the duration of such difTcred between the 
two preparations. In Antex-treated animals oestrus, once initialed, was 
maintained in all but one for the whole of the experimental period up to 
6 weeks. In Ph 3 '^sex-treated animals, however, oestrus lasted for a period 
of only 9 to 21 daj’^s and did not reappear despite continued treatment. 
The continuous vaginal oestrus was associated with an increased uterine 
weight. Thus with Antex treatment, which maintained continuous 
vaginal oestrus up to the expiration of the experiments, uterine weights 
were either normal or greater than normal. With Physex treatment, 
which allowed the animals to pass into dioestrus within the experimental 
period, the uteri became atrophied. Antex, therefore, was efTcctive in 
stimulating the production of sufficient oestrogen to give rise to enlarged 
uteri and continuous oestrus. On the other hand, the effects of Plij'sex on 
the uterus and vagina were much shorter in duration. Creep [1938] under 
similar experimental conditions has shown that a correlation existed 
between the number of corpora lutca in the ovary and the duration of 
oestrus. The results described seem to support such an idea in that the 
animals which did not continue in oestrus had atrophic ovaries at autopsy, 
though even after the ovaries had become atrophic a month after hypo- 
physectomy the animal stiU showed an oestrus response. Tliis transitory 
effect of pregnancy urine extract in the female Avould appear to be similar 
to that which was found to occur in the male, and the possibility of anti- 
hormone formation must be considered. Mating took place occasionally 
in the Antex-treated animals, but in no case in the Physex-treated animals. 
Pregnancy did not occur in any of the treated animals ; a similar failure 
has pre-vdously been noted by Evans, Meyer, and Simpson [1933] in the 
treatment of hypophysectomized female rats with a pregnant mare serum 
extract. The female reproductive system would appear to be so regulated 
that Antex or Physex, though adequate for the male under certain condi- 
tions do not constitute complete replacement therapy in the female, not 
at least under the experimental conditions reported. 

SUJIMABY 

A series of female hypophysectomized rats were treated with extracts 
of pregnant mare serum or pregnancy urine. Treatment either im- 
mediately after hypophysectomy with small doses or delayed 2 or 4 weeks 
after operation with larger doses gave similar findings. With the pregnant 
mare serum extract the ovarian weight was maintained or restored for 
a time, but prolonged treatment resulted in slight regression. Uteri 
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remained stimulated and oestrus was continuous throughout the experi- 
mental period. Mating took place, hut no pregnancy followed. 

Pregnancy urine extract maintained or restored ovarian weight, but 
regression on prolonged treatment was more marked and took place 
rapidly. A regression in uterine weight followed after initial stimulation. 
Vaginal oestrus was maintained only for a short period despite continued 
treatment. Mating did not occur. 
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(licccivcd 3 March 1939) 

One of the methods most commonly used in the biological assay of 
gonadotrophic extracts is the quantitative measurement of the response 
elicited in the ovaries of the immature rat. This method, used on account 
of its convenience, suffers from the disadvantage that the animars ovti 
pituitary gland is present and must he regarded as a potential source of 
complication in the assay results. Experience has shown that the com- 
plication may be quantitative or quahtative or both. Smith [1930] found 
that the difference in response of normal and hypophj’^sectomized rats to 
injections of gonadotrophic extracts of the pituitary gland was quanti- 
tative rather than qualitative, whereas the difference in the response of 
the ovaries of normal and hypophysectomized rats to extracts of urine of 
pregnant women (luteinizing hormone) and of the urine of ovariectomized 
women (follicle stimulating hormone) has been found to be most definitely 
quahtative [Selye, Colhp, and Thomson, 1933; Leonard and Smith, 
1934]. Tyndale, Levin, and Smith [1938] have recently demonstrated that 
the amount of gonadotrophic extract from the urine of post-menopausal 
women required to cause luteinization of the ovary of the hypophysecto- 
mized rat is 8 to 10 times the amount necessary in the normal imma- 
ture rat. 

It is evident, therefore, that in such tests carried out on the normal im- 
mature rat, the stimulation of the gonads is contributed to by endogenous 
gonadotrophic hormones. It is unhkely that the amount of hormone 
normally present in the immature rat is sufficient, even by synei'gism, to 
contribute to ovarian stimulation, so that the extract Avhich is injected 
presumably stimulates the pituitary gland to secrete additional amounts 
of hormone. This stimulation may perhaps be the result of a direct action 
of the injected hormone on the pituitary gland, but it seems more hkely 

^ Work done during tenure of Leverhulme Fellowship, Koyal College of Pliysicians. 

^ Working on a grant from the Medical Research Council. 
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that the violent changes caused in the ovary of the immature animal may 
lead to secondary stimulation of the pituitary gland, which attempts to 
respond in the same way as it may be supposed to do during the normal 
cycle. Thus from the work of Selye, Collip, and Thomson [1935], llohl- 
weg [1936], and Fevold, Hisaw, and Greep [1936] it is established that 
lutemization of the ovary of a normal rat, under the influence of a follicle 
stimrdating extract, is caused by the secretion of luteinizing hormone from 
the pituitary gland, in response to excessive output of oestrogen by the 
stimulated ovary. 

The recognition of the complications introduced by such effects is 
obviously of major importance in the determination, by biological assay, 
of the qualitative difference between various types of gonadotrophic 
activity. The work reviewed above has, therefore, been extended by a 
comparative study of the action of gonadotrophic extracts from the 
pituitary gland of various species, including man, as tested not only on 
the intact immature rat but also on the hypophysectomized rat. 

The complications due to the presence of the pituitary gland in the test 
animals have been further studied in relation to the apparently selective 
reactions between various gonadotrophic extracts and antigonadotrophic 
sera. Collip, Selye, and Williamson [1938] found that prolonged adminis- 
tration of an extract of pig pituitary gland to the intact rat produced a 
condition in which the animal responded to extract of pregnancy urine in 
the same way as the hypophysectomized rat. This result implies that the 
antigonadotrophic activity evoked by prolonged treatment with pig 
pituitary gland (a) is able to neutralize the endogenous gonadotrophic 
hormones of the rat, which do not therefore affect the response of the 
ovary to the urine extract, and (6) is unable to neutralize the extract from 
* human urine of pregnancy. The positive result obtained by Rowlands 
[1938 a], who observed that an extract of human urine of pregnancy was 
neutralized by antiserum to an extract of ox pituitary gland, might there- 
fore have been due to the use of intact test animals, since the capacity of 
the antiserum to neutralize rat gonadotrophic hormones would, in any 
case, obliterate the greater part of the increase in ovarian weight, nor- 
mally caused in immature rats by injecting the gonadotrophic substance 
from the urine of pregnant women. 

Similarly, the amount of anti-luteinizing serum required to convert the 
response of the rat ovary to an extract of gelding pituitarj^ gland into pure 
follicular growth [Rowlands, 1938 6] may well have been materially 
affected b}^ the secretion of luteinizing substance by the test animars 
own pituitary gland, in response to the extensive follicular groudh caused 
by the extract. Confirmatory experiments, using hypophysectomized 
rats, have, therefore, been carried out on both these problems. 
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Extracts. The extracts of the pituitary gland which were used included 

(а) horse pituitary — ^APTOB and AP70D (gelding only) and AP61D; 

(б) pig pituitary — ^APG3D and AP74D ; (c) sheep pituitar^"^ — ^APGGD ; and 
id) ox pituitary — AP16B [see Chance, Howlands, and Young, 1939]. 
In addition, several human pituitarj'^ glands were assayed individually 
in normal and hypophyscctomized rats. These glands were desiccated in 
acetone, freed from their fibrous capsules, ground in a mortar, and sus- 
pended in slightly alkaline water for 2 hours. Most of the glandular tissue 
dissolves under these conditions and remains in solution on neutralization 
to pH 7"5. This solution was directly used for injection. 

Other sources from which gonadotrophic extracts were prepared in- 
cluded (a) urine of pregnant women, UPlO ; (6) serum of pregnant women, 
PWS77 [see Boycott and Rowlands, 1938]; (c) urine of an ovariecto- 
mized woman. This extract (CUlA) Avas prepared bj’’ precipitation with 
alcohol ; the precipitate (1 mg. = 0*13 c.c. of urine) was dissolved in water 
at pH 4-7 from which solution a precipitate Avas obtained Avith tannie aeid 
by the method of Thomsen and Pedersen-Bjergaard [193G]. It was purified 
further by reprecipitating AAuth alcohol from borate buffer at pH 9-3. 
1-0 mg. of the final precipitate — G-4 c.c. of original urine; {d) urine of a 
senile Avoman. This extract (SU2) Avas prepared by precipitation Avitli 
alcohol. 

Antisera. Tavo antisera, obtained from rabbits immunized to extracts 
of ox pituitary gland, Avere used — Serum A described by BoAA’Iands 
[1938 6] and Serum B [RoAvlands, 1939]. These antisera exert, in the 
normal immature rat, a differential anti-luteinizing action on the extract 
of gelding pituitary gland, AP70B. 

Hypophysectomy . Immature female rats, Aveighing 40-50 g., Avere hypo- 
physectomized, using the retropharyngeal approach. A period of 7-11 
days elapsed before treatment, to allow for the disappearance of endo- 
genous gonadotrophic hormone from the circulation and for the con- 
sequent atrophy of the ovaries. 

Assay. Groups of normal or hypophysectomized immature rats were 
injected subcutaneously once daily for 6 days. The hypophysectomized 
rats were weighed at operation, on the day of the first injection, and again 
after killing. They Avere Idlled 24 hours after the last injection ; the ovaries 
and uteri Avere dissected and fixed in Bouin’s fluid. The seUa turcica of 
each rat Avas examined for any fragments of pituitary tissue, and if any 
fragment of anterior lobe tissue remained, the animal was discarded from 
the test. The ovaries and uteri were Aveighed from 70% alcohol. 

Histology. Serial sections of the ovaries Avere cut at 10 ju.; every fifth 
section was mounted and stained in Mayer’s haemalum and eosin. Histo- 
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logical examination was made of the ovaries of a number of hypophys- 
ectomized rats in a control series. It was observed that after a period of 
7-11 days following the operation the ovaries had undergone definite 
atrophic changes. Their average weight decreased from 10 mg. at the 
time of operation to 5-6 mg. 7 to 11 days later. Only very few follicles 
possessing an antrum were found (Fig. 1), although Lane and Greep 
[1935] stated that the percentage number of antrum-containiag follicles 
decreased by only 10% during the first 10 days after the operation. The 
ovum contained in each of the follicles appeared normal. 

Comjyarison of fhe effects in iiormal and Jiypophysectomized rats of gonado- 
trophic extracts of the pituitary gland 

Extracts of the pituitary gland of domestic animals. The data obtained 
are given in Table I. It is seen that, with the exception of the extracts of 
gelding pituitary (AP70B and AP70D), the actual increase in the weight 
of the ovary of the hypophysectomized rat is less than that in the normal 
rat. Hellbaum [1933] has shown that such extracts contain a high pro- 
portion of follicle stimulating hormone. With one extract (AP63D) the 
increase is reduced to one-third. Even so, however, it must be remembered 
that the increase in weight, in proportion to the original size of the ovary 
in the hypophysectomized rat, is usually as great as, or may even be 
greater than, in the normal rat. 


Table I. Assay of various gonadotrophic extracts on normal and on hypo- 
physeciomized rats. The weight of the ovaries of the normal rat == 10 mg.; 
those of the hypophysectomized rat = 6 mg. 









Average 




Amount 



Average 

increase 

Increase in weight 

Species 


of 

Test animal 

weight of 

in 


of 

No. of 

extract 

^ * 

^ 

i 

Uteri 

ovarian 

Weight of control 

pituitary 

extract 

injected 

Condition 

No. 

Ovaries 

weight 

ovaries 


(AP.) 

mg. 



mg. 

mg. 

mg. 


Horse 

70B 

2*5 

N 

5 

54 

65 

44 

4-4 


It 

2*5 

H 

8 

52 

64 

46 

7-7 

Horse 

TOD 

2-5 

N 

5 

31 

57 

21 

2-1 

It 


5-0 

H 

4 

G1 

49 

55 

4-6 

Horse 

GID 

1-0 

N 

5 

G7 

84 

57 

5*7 

11 

It 

1-0 

H 

3 

28 

58 

22 

3-7 

Sheep 

GGD 

10-0 

N 

5 

2G 

45 

16 

1*6 

It 

»» 

12-5 

H 

8 

19 

55 

13 

1-7 

P!S 

ilD 

12-5 

N 

10 

25 

2G 

15 

1-5 

It 

It 

10-0 

H 

5 

16 

51 

11 

2-3 

It 

It 

20-0 

N 

10 

31 

34 

21 

21 

II 

It 

2G-0 

H 

3 

23 

G9 

17 

2-8 

Pig 

G3D 

250 

N 

5 

50 

5S 

40 

4-6 

11 

ft 

25-0 

H 

4 

21 

53 

15 

2*5 

Ox 

15B 

50-0 

K 

5 

15 

19 

5 

0-5 

It 

>t 

50-0 

H 

5 

9 

34 

3 

0-5 


N — Intact Immature rat, 

U e= Hj-pophyscclomircd immature rat. 
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The ovnrics of both normnl ntui JiypophyscctoniiV.ccI rnts wJiich 
received extract of gelding pituitary gland (Fig. 5) contained {a) corpora 
lutea which, as far as could bo detonnined from histological examination of 
the ovaiy, resulted from normnl ovulation ; (/;) large follicles showing 
greater or less degree of lutcinization of the membrana granulosa, many 
of which were becoming solid ; and (c) medium-sized follicles in which the 
granulosa had fragmented, but was not luteinized. The ovaries of the 
rats injected with extracts of pig and sheep pituitary gland (Fig. 6) 
were also heavily luteinized, but the structures observed were smaller 
than those seen in the ovaries of the rats that received extracts of gelding 
pituitar}’- gland. Medium-sized follicles were seen in diticrent stages of 
luteim'zation ; in some the membrana granulosa was completely luteinized 
and formed a solid mass of lutein tissue enclosing the ovum. Each of 
these structures, which had the appearance of a corpus luteum, usually 
measured only half the diameter of a true corpus luteum. There was 
thus some sign of follicle stimulation prior to luteinization, but the 
stimulation of this type was obviously much weaker than that obtained 
with the extracts of the gelding pituitary gland. Extracts of ox pituitarj’^ 
gland (AP15B) produced little, if any, follicle stimulation in the ovaries 
of hypophj'^sectomizcd rats, since only ver^’’ small follicles were present, 
which were all luteinized. 

Extracts of human pituitary gland. The result of the assays are shown 
in Table II. The increase in the gonadotrophic actmty of the human 
pituitary gland after the period of sexual activity [Henderson and Row- 
lands, 1938] is clearly shown. In the jjrevious work on the human pituitary 
gland it could not be determined, fi’om the tests on normal immature rats, 
whether the increased content of gonadotrophic hormone in the gland, 
after the menopause, was associated with any variation in the proportion 
of follicle-stimulating hormone and luteinizing hormone. 

Very strildng histological differences are observed in the present experi- 
ments, between the response of the ovaries of the normal and of the hypo- 
physectomized rat to some of the human glands. The pituitary extract 
(HP553) of a senile Avoman, aged 79 years, caused, in the ovaries of the 
intact rat, development of follicles which ovulated, giving rise to corpora 
lutea. The same amount of this gland Avhen injected into hypophysecto- 
mized rats caused the growth of a large number of follicles, Avhich failed 
to ovulate. No corpora lutea were found and no luteinization of the 
membrana granulosa had occuri’ed. A similar difference in the response 
between normal and hypophysectomized rats was observed Avith injections 
of the pituitary extract (HP737) of a woman aged 67 years (Figs. 7 
and 8). The pituitary gland (HP678) from another AA’’oman, aged 75 
years, Avhen injected into intact rats in a total dose of 1 mg., produced 
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ovaries having an average weight of 24 mg. Corpora lutea were found in 
all of these ovaries. The injection of double this amount of extract into 
each of a group of five hypophysectomized rats produced ovaries having an 

Table II. Assay of extracts of human pituitary glands on normal and on 

hypophysectomized rats 

Number 
of rats 

Test rats Amount of Average in which 

t » dried gland weight of luteinization 


No. 

HP. 

Sex 

Age 

Years 

Condition 

No. per 
group 

injected 

mg. 

ovaries 

mg. 

occurred in 
the ovaries 

653 

$ 

79 

N 

5 

1 

76 

4 

jf 

>» 

tt 

H 

4 

1 

28 

0 

678 

$ 

75 

N 

5 

1 

24 

5 

>» 

>> 

ft 

H 

6 

2 

40 

1 

718 

$ 

68 

N 

6 

1 

43 

5 


9f 

tt 

H 

3 

2 

73 

3 

737 

? 

67 

N 

5 

1 

59 

6 

»» 

» 

ft 

H 

5 

1 

31 

0 

765 

$ 

65 

N 

6 

1 

58 

5 

» 

9f 

ft 

H 

4 

1 

57 

4 

739 

? 

62 

N 

6 

1 

57 

5 



ft 

H 

4 

1 

44 

4 

727 

$ 

61 

N 

6 

1 

61 

5 


tf 

tt 

H 

5 

1 

56 

5 

731 

? 

37 

N 

6 

5 

31 

5 

» 

tt 

ff 

H 

2 

5 

24 

0 

693 

$ 

35 

N 

5 

5 

39 

5 

♦» 

ft 

tt 

H 

5 

5 

34 

5 

486 

$ 

34 

N 

5 

5 

38 

5 

» 

ft 

tt 

H 

4 

5 

47 

4 

743 

(? 

81 

N 

6 

2 

43 

5 

»» 

tt 

tt 

H 

4 

4 

75 

4 

682 

s 

76 

N 

6 

3 

44 

5 


tt 

?» 

H 

5 

2 

10 

0 

728 


61 

N 

5 

2 

23 

5 

ft 

»» 

»» 

H 

4 

4 

35 

4 

116 


65 

N 

6 

2 

49 

4 

tf 

tt 


H 

4 

2 

24 

1 


N = Intact immature rats. 

H = Hypophysectomized immature rats. 


average weight of 40 mg. The response in the ovaries of four of these rats 
consisted of follicle stimulation without any luteinization; in the re- 
maining animal of the group some slight luteinization of the membrana 
granulosa had occurred. All these extracts produced a pronounced stimu- 
lation of the interstitial or stromal elements of the ovary. Extracts of 
three other glands, HP755, 739, and 727, from women whose ages were G5, 
92, and G1 years respectively, caused in the ovaries of both normal and 
hypophysectomized rats the same quantitative and qualitative response. 
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Assays were carried out on three glands, HP731, 593, and 48G, from 
womeii Avhose nges u’cro 37, 35, and 3*1 years respectively. The amount of 
these glands necessary to produce ovarian stimulation in immature rats is 
seen to bo at least five times as great ns that required by the pituitary 
glands of post-menopausal women. E.xtracts of the glands (HP593 and 
48G) caused the formation of corpora lutca in the ovaries of hypophysccto- 
niized rats, wlicrcas the third, HP731, wlien tested on two Jiypophys- 
ectomized rats, produced only follicular stimulation. 

Four pituitarics, from men of various ages, were tested, but only one, 
HPllG, from a man aged 55, gave any indication of a qualitative differ- 
ence between the response given by the control and operated groups. 

It is observed that, when the response given to all the human pituitary 
glands in the hypophysectomized rats consists of follicle stimulation and 
luteinization, the quantitative response approximates that obtained in the 
intact rat, given a similar amount of extract. On the other hand, when 
the response in the hypophysectomized rat consists only of follicle stimu- 
lation, the average wciglit of the ovaries is considerably less than that 
produced by a similar dose in the normal rat. Nevertheless, the weight of 
such ovaries may be considerably greater than the minimum weight at 
which 100% luteinization occurs in intact rats when extract mth foUicle- 
stimulating and luteinizing activity is used. 

The results suggest that the pituitary gland of the post-menopausal 
woman contains a greater amount of follicle stimulating hormone than 
that of a woman during the period of sexual activity, and since it is shown 
that some luteinizing hormone is present, its secretion is probably not in 
complete abeyance during the years following the menopause. 

Comparison of Effect in Normal and Hypophysectomized Bats of Oonado- 
trophic Extracts from Extra-pitnitary Sources 

The results of the assays carried out on these extracts are shown in 
Table III. 

Extracts of urine and serum from pregnant women. An extract of urme 
of pregnancy (UPlO) in an amount (1 mg.) wliich produces an almost 
maximum increase in the weight of the ovaries of the normal rat [Deanesly , 
1935] produced only a slight increase in the weight of the ovaries of the 
hypophysectomized rat. The injection of five times this amount of extract 
caused only little additional increase in weight. The stimulation produced 
in the ovaries of these rats consisted of luteinization of all small follicles 
and stromal tissue, such as has been described by Selye, CoUip, and 
Thomson [1933] and Leonard and Smith [1934]. A similar effect (Fig* 2) 
was obtained in the ovaries of h 3 pophysectomized rats with an extract 
of serum of pregnant women (PWS77). The similarity found by Boycott 
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and Rowlands [1938] in the biological properties of gonadotrophic 
preparations from mine and serum of pregnant women, when tested on 
normal immature rats, is therefore confirmed. 

Extracts of urine from senile and ovariectomized women, Zondek [1930] 
found that the urine of ovariectomized or post-menopausal women 


Table III. Assay of gonodotropMc extracts obtained from extra-pituitary 
sources^ on normal and hypophysectomiz^ rats 


Extract 


Average 


Source 

No. 

Total 

amotmt 

injected 

mg. 

Test Rats 

t ^ 

CJondition No. 

Time of first weights 

injection after < '' » 

hypophysectomy Ovaries Uteri 

Days mg. mg. 

Urine of 

UPlO 

1*0 

N 

10 

— 

34 

95 

pregnant 

jf 

1-0 

H 

4 

9 

12 

14 

women 

79 

5-0 

H 

4 

10 

15 

36 

Serum of 

PWS77 

2-0 

N 

10 

— 

47 

102 

pregnant 

tt 

2*0 

H 

2 

2 

13 

14 

women 

Urine of 

CUIA 

10-0 

N 

4 

, — 

23 

68 

ovariec- 

tt 

lOO 

H 

4 

10 

6 

14 

tomized 

woman 

Urine of 

SU2 

100*0 

N 

6 

— 

15 

37 

senile 

tt 

100*0 

H 

4 

9 

5 

13 

woman 

Serum of 

PMS16 

1*6 

N 

10 

. — 

164 

100 

pregnant 

tt 

1*5 

H 

5 

1 

104 

97 

mares 

It 

PMS18 

1*0 

N 

15 

— 

97 

116 

ft 

tt 

1-0 

H 

5 

10 

49 

116 

yielded an extract 

N = Intact immature rats. 

H = Hypophysectomized immature rat. 

having follicle-stimulating properties. 

This 

observa- 


tion was confirmed by Leonard and Smith [1934], who demonstrated the 
effect of such extracts on the ovaries of hypophysectomized rats. 

The injection of 100 mg. (= 19 c.c. urine) of an extract of urine (SU2) 
from a woman aged 79 years produced only’’ a slight increase in the weight 
of the ovaries of the normal immature rat, although a similar amount had 
no effect on the ovaries of the hypophysectomized rat. 

Ten milligrams (= 64 c.c.) of an extract (CUIA) of urine of an ovari- 
ectomized woman produced a good response in the ovaries of normal 
immature rats. The average ovarian weight was 23 mg. ; the response 
consisted of follicle stimulation followed by a limited amoimt of corpus 
luteum formation. No response was shovTi in the ovaries of the hypo- 
physectomized rats to a similar amount of this extract. 

The significance of the fact that the response was obtained only in 
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intact immature rats and of the discrepancy witli the results of Tyndale, 
Levin, and Smith [1938] is not at present obvious. 

Extracts of pregnant marc scrum. Two extracts of pregnant mare serum 
{PMSIO and IS) resembled those of horse pituitary gland in their action 
on the ovaries of normal and hypophj'sectomizcd rats. The injection of 
PMSIG, when begun 24 hours after tlio removal of the pituitaiy gland, 
produced an inci’easc in ovai'ian weight of about two-thirds that obtained 
in the intact rat. Tlie increase in the weight of the ovaries produced by 
the extract PMS18, when injections were begun 10 dej's after hypophys- 
ectomj’’, was only one-half that given by the normal rats. Both extracts 
produced a high degree of follicle stimulation, luteinization of the mem- 
brana granulosa, and interstitial cell development, in the ovaries of the 
lijfpophysectomized rats (Fig. 4), The presence of the pituitary gland 
in the test animal does not seem to affect significantly the qualitative 
nature of the response of the ovaries to extracts of pregnant mare serum, 
although the amount of luteinization which is produced in the ovaries of 
the hypoijhysectomized rats is considerably less than that which was 
observed in the ovaries of the intact rats. 

Comparison of the Apparent Interaction of Extracts and Antisera in Normal 

and Hypophyseciomized Rats. 

Extract of gelding pitnitary and antiserum, to extract of ox pituitary gland. 
It has recently been shown hy Howlands [1938 i and 1939] that the serum 
of rabbits, which have received a prolonged course of dail}’’ injections of 
extract of ox pituitary gland, has the power to neutralize selectively the 
luteinizing activity of an extract of gelding pituitary gland. In this way 
the extensive luteinization of the ovarj’’ of the immature rat, caused by the 
extract given alone, can be changed to pure follicle stimulation, with only a 
slight decrease in the response as measured by increase in ovarian weight. 
The evidence mentioned above that the pituitary gland of the test animal is 
able to secrete luteinizing hormone as a result of stimulation of the folhcle 
in the ovary suggests that the amount of anti-luteinizing serum required 
to suppress luteinization of the ovary in the normal immature rat injected 
with extract of gelding pituitary gland, represents the amount required 
to neutralize, not only the luteinizing hormone contained in the extract 
itself, but also that secreted by the pituitary gland of the test animal. It 
seemed desirable, therefore, to determine the amoimt of antiserum re- 
quired in the hypophysectomized rat to produce a similar effect, so that 
the amount of luteinizing hormone secreted by the pituitary gland of the 
test animal could be estimated. The results are given in Table IV and 
Text-fig. 1, p. 32. 

In the normal immature rat it was found that 1*25 c.c. of Serum A com- 


I 



EFFECTS OF GONADOTROPHIC EXTRACTS 31 

pletely inhibited the luteinizing action of 2*5 mg. of AP70B. With these 
amounts of serum and extract the ovaries, which weighed 46 mg., con- 
tained numerous large mature follicles which were devoid of luteinization. 

Table IV. The effect, on the ovaries and uteri of hypophysectomized rats, 
of various amounts of Serum A on a constant dose [2-5 mg,) of gelding pituitary 

extract {AP70B) 




Average 


Percentage 

Amount 


weights 


of animals 

of 

No. 

, ^ 

V 

in which 

serum 

of 

Ovaries Uteri 

luteinization 

c.c. 

rats 

mg. mg. 

was inhibited 

00 

8 

52 

64 

0 

0'02 

4 

49 

98 

0 

0'03 

6 

29 

70 

33 

0*06 

8 

25 

67 

25 

0-10 

7 

31 

71 

86 

0-25 

6 

24 

83 

83 

0*50 

4 

18 

64 

100 


Luteinization in the ovaries of the hypophysectomized rat was almost 
completely inhibited by 0-1 c.c, to 0*25 c.c. of the same serum. In each 
of the groups receiving these dosages, one rat showed slight traces of 
luteinization of the membrana granulosa, although the ovary as a whole 
showed pronounced follicle stimulation. Complete suppression of luteini- 
zation was effected with 0*5 c.c, of serum. It is shown, therefore, that the 
luteinizing activity of the extract in the hypophysectomized rat can be 
neutralized by about to ^ the amount of serum required in the normal 
rat; a large part of the luteinization occurring under the conditions of the 
experiments reported by Rowlands (19386) is accordingly due to lutein- 
izing hormone secreted by the rat’s own pituitary gland. Tins is in agree- 
ment with the results of T^mdale, et al, [1938]. 

The average weight of the ovaries in the three groups of hypophysecto- 
mized rats, receiving 0-1 c.c., 0*25 c.c., and 0*5 c.c. of serum and the 
standard dose of extract was 31, 24, and 18 mg. respectively, which is less 
than half that produced in the immature test rats showing an equal 
inhibition of luteinization. It must be remembered, however, that the 
control ovarian weight in the hypoph 3 ’^sectomized rat is only about one- 
half that in normal rats of similar bod 3 ’'-weight. If increase in ovarian 
weight is calculated as a percentage of initial weight, then the proportion 
of response compatible with complete absence of luteinization, under the 
conditions of the experiment, is much the same in the h 3 ’poph 3 ’sectomized 
as in the normal rats. In tliis connexion it may be noted that the dose/ 
response curve [Rowlands, 1938 6], for AP70B given alone to normal 
immature rats, shows that an average ovar 3 ’ weight of nearly 30 mg. ma 3 - 
be reached without aU the animals in the group showing luteinization. 
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In the hypo 2 ili 3 'scctomizccl rat, ns shown in Table V, lutcinization maj’’ 
not he general when an amount of the extract alone is injected suflicient 
to cause an increase of the weight of the ovary to an average of 29 mg. 



Fia. 1. The effect on the weight of the ovary and on the inhi{>ition of luteinization, of 
varying amounts of Serum A on a constant amount of gelding pituitary extract in normal 
[Rowlands, 1938 a] and hypophysectomizod rats. 

• • =z= weight of ovary of normal rat. 

• • = percentage inhibition of luteinization in normal rats. 

X ^X = weight of ovary of hypophysectomized rat. 

X----X = percentage inliibition of luteinization in hypophysectomized rats. 

To this extent the experiments on h 3 rpophysectomized rats, in comparison 
with those on intact rats, seem to provide less strong evidence of the 
selective neutralization of the luteinizing activity as opposed to mere 
quantitative neutralization of the extract as a whole. The serum, however, 
is clearly more effective in neutralizing the effect of the extract on hypo- 
physectomized than on normal rats. 

Fig. 1 above suggests another difference between the results obtained in 



33 


EFFECTS OF GONADOTROPHIC EXTRACTS 

normal and hypophysectomized rats. In the former there is an augmenta- 
tion of the effect of the standard dose of extract when small amounts of 
serum are given, but in hypophysectomized rats, this effect appears to be 

Table V. Assay of extract of gelding pituitary gland {AP70B) on hypo- 

physectomized rats 

Average 


Amount 


Tveights 


of 

No. 

, ^ 



extract 

of 

Ovaries 

Uteri 

Luteinization 

mg. 

rats 

mg. 

mg. 

% 

1-00 

4 

7 

15 

0 

1'75 

7 

29 

50 

60 

2*50 

6 

55 

61 

100 


absent. This observation may perhaps be instructive, but it cannot be 
dealt with here. 

That anti-luteinizing serum is more effective in the hypophysectomized 
than in the normal rat has been confirmed with another antiserum 
(Serum B). The rate of development of anti-luteinizing activity in this 
serum, fcom rabbits chronically injected with extract of ox pituitary 
gland, has already been determined using normal rats as test animals 
[Rowlands, 1939] ; similar tests on samples of serum taken at four different 
stages dining immunization have now been carried out in hypophysecto- 
mized rats. 


Table VI. Comparative activity, in normal and hypophysectomized rats, of 
varying amounts of Serum B and a constant amount of 2*5 mg. of gelding 
pituitary extract {AP70B) 


Period over which 
rabbltfi, yielding 
Serum B, were 
injected 

Weelaj 

Assay in hypophysectomized rats 

Amount of Serum B 
required to produce 
same degree of 
inhibition of 
luteinization in 
normal rats 

c.c. 


Amount 

of 

Serum B 
injected 

C.C. 

Weight 

of 

ovaries 

mg. 

Weipt 

uteri 

mg. 

Inhibition of 
luteinization 
% 

Activity of Serum B In 
hypophysectomized rata 
compared with that in 
normal rata 

4i 

0-05 

40 

58 

50 

0*25 

5 ; 1 

8i 

005 

29 

100 

83 

0-20 

4: 1 

9i 

002 

26 

68 

83 

010 

5 : 1 

12i 

0-02 

29 

129 

83 

005 

5 : 2 


Calculation of the approximate amount of serum required to cause an 
equal degree of inhibition of luteinization in normal rats (Table VI) shows 
that Serum B is from 2^—5 times as effective in producing this inhibitory 
effect in hypophysectomized rats. 

Extract of urine of pregnancy and antiserum to extract of ox pituitary 
gland. It has previously been shown [Rowlands, 1937] that an antiserum 
to an extract of ox pituitary gland inhibits to some extent the quantitative 
i^sponse of the ovaries of normal rats to an extract of urine of pregnanc3\ 
Complete neutralization of the effect of the extract, however, was not 

D 
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obtained even with eoinpnml ivcl}' large fnnonnls of antiserum. Tliis test 
lias been repeated, using liypopliysectomi’/ed rats. Since there is only a 
very slight quantitat ive response in the ovaries of the h3’'poph3’scctomi7,ed 
rat to extracts of urine of pregnancy, it is necessary to base the result on 
the histological changes of the ovaiy. 

The description of the histological changes in the ovaries of the hypo- 
phj'sectoinizcd rats stimulated with extract of urine of prcgnanc 3 ’’ (UP. 10), 
which serve as controls is given on p. 28. All the elements of the ovary 
of an animal so treated tend to become uniforml}’' luteinized. The in- 
jection of 1 c.c. and 2-5 c.c. of an antiserum (Scrum A) [Rowlands, 19386], 
obtained in rabbits by the injection of an extract of ox pituitary’’ gland, 
failed to inhibit the luteinization which occurs in rcsjionse to extracts of 
urine of pregnancy. It is likely, therefore, that the inhibition of the effect 
of this extract which was previously’’ obtained in intact rats is caused bj’’ 
the neutralization of the endogenous gonadotrophic hormones of the rat, 
rather than b}’’ the direct action of the antiserum on the gonadotrophic 
hormone contained in the extract of human urine of pregnancy’’ which is 
injected. The results are therefore comparable with those of Collip, Sely^e, 
and Williamson [1938], who found that the ovaries of rats previously 
rendered insensitive to pig jiituitaiy gland responded subsequently’’ to 
human urine of pregnancy extract in a manner similar to that in the 
hypophy’sectomized rat. 


SUSIMARY 

1. The comparative effects of various gonadotrophic jireparations have 
been observed on the ovaries of intact and hy’pojjhy’sectomized immature 
rats. The extracts were prepared from the pituitary glands of various 
species including man, horse, sheep, pig, and ox, and also from the urine 
and serum of pregnant women, the urine of a senile and of an ovariecto- 
mized woman, and the serum of pregnant mares. 

2. Extracts of the urine and serum of the pregnant woman and of ox 
pituitary gland cause only generalized luteinization of the ovaries of 
hypophysectomized immature rats, but cause follicular growth as well as 
luteinization in intact immature rats. The difference in the response may 
be attributed partly to the gi’eater initial size of the foUicles in the intact 
rats, but is probably largely due to stimulation of the pituitaiy gland of 
the intact rat when luteinization of the ovary begins. 

3. Preparations of certain human pituitary glands cause only foUicuIar 
growth in the hypophysectomized rats, whereas in the intact rats they 
produce follicular stimulation and luteinization. This difference must be 
ascribed to a normal or an evoked luteinizing activity by the pituitary 
gland of the intact immature rat. 




Fio. 1. Ovary of rat (Hilt 150) 
10 days after hypophysectoixiy at 
40 to 50 g. body-weight. Most 
of the follicles are in an atrophic 
condition. K 16 



’JO. 3. Ovary of incompletely hypoplij^s- 
rnt {HRt 85). injected with n 
‘imilar amount of extract PWS 77, showing 
cvelopmont of corpora lutca and lutoinization 
of mcmhrann granulosa. X 16 



Fig. 2. Ovary of hypophysectomized rat 
(HRt 84), injected with an extract from 
the serum of pregnant woman (PWS 77), 
showing generalized luteinization. X 16 



Fig. 4. Ovary of Iiypophysectomized rat (HRt 
490) injected with extract from serum of pregnant 
mares (PMS 18), showing extensive follicle 
stimulation accompanied by luteinization of 
membrana granulosa, x 10 




5. Ovary of liypopliyBoctoinizccI rat (HRt 
, injected with extract of gelding pituitary 
:1, showing niimoroiis large corpora liitea 
nd several largo normal follicles, x 10 



Fio, G. Ovarj' of hypopli^’seclomized rat (HB 
•180), injected with extract of pig pituitary ginml 
showing small corjnna lulen atrotiea arising fron 
heavily luteinized follicles, x 10 




^IG. 7. Ovary of hypophysoctomizod rat 

HRt 687), injected with extract of the Fig. 8. Ovary of intact rat (R 7481), treated with 

>ituitary gland (HP 737) of a woman aged a similar amount of human pituitary (HP 737), 

>7 years, showing numerous largo follicles showing heavily luteinized follicles forming largo 

without any luteinization. X 1C corpora lutea atrotiea. x 16 
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4. Extracts of horse, sheep, and pig pituitary glands, and of the serum 
of pregnant mares stimulate the growth of follicles and the production of 
luteinization in both intact and hypophysectomized rats. 

6. The differential neutralization of the luteinizing activity of an 
extract of gelding pituitary gland, by antisera to an extract of ox pituitary 
gland, can be effected with much smaller amounts of antiserum in the 
hypophysectomized rat than in the normal rat. This difference is almost 
certainly due to the production of luteinizing hormone by the pituitary 
gland of the intact test animal, stimulated by the follicular growth in 
the ovary. 

6. Rabbit antiserum to ox pituitary gland has no neutralizing action 
on the effect of an extract of human urine of pregnancy on the ovaries of 
the hypophysectomized rat. The strong, though incomplete, neutralizing 
action of the same antiserum, on the effects of this same urinary extract 
on normal rats must be due to its action on the hormones of the rat’s own 
pituitary gland, and not on the gonadotrophic substance of the human 
urine. 

7. Earlier conclusions with regard to the specificity of antisera to 
pituitary extracts and analogous principles may need revision in the 
light of these findings. 


We express our thanks to Dr. A. S. Parkes, F.R.S., for his helpful 
criticism of the work, to Dr. A. C. CJrooke for the human pituitary glands, 
to Dr. E. P. Sharpey-Schafer for the collection of urine of the ovariecto- 
mized woman, and to the Lovens Kemiske Fabrik, Copenhagen, for two 
gonadotrophic preparations &om pregnant mare serum ('Antex’). 
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DEPRESSION OF HYPOPHYSEAL ACTIVITY 
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Bv RUTH DEANESLY 

From (he Fadonal Institute for Medical licscarch, London, iV.ir. S 
{Ilcccivcd S j\Iarch 1939) 

Intkoduction 

Numerous workers have reported that continued administration of 
oestrogenic preparations bj’’ dnilj’- subcutaneous injections A\’i]I damage 
the reproductive organs of male rats. At first the damage was attributed to 
hormone antagonism [SteinacliandKun, 192G ;Laquournndde Jongh, 1928; 
Borchardt, Dingemanse, dc Jongli, and Laqueur, 1929], but later when 
it had been shown that similar results could bo obtained in female rats and 
mice^ it became likely that the gonadotrophic activit}’’ of the pituitary gland 
was afiected, Moore and Price [1930, 1932], who revdewed the older papers, 
showed that the harmful effect of oestrogenic extracts in the male I'at could 
be prevented by simultaneous injection of gonadotrophic substances which 
replaced the secretion of the animal’s own pituitaiy. These UTiters found 
severe changes in the normal male rat after 20 days injection u'ith 15-20 
rat units of oestrogen daily — a comparatively low dose. Spencer, Gus- 
tavson, and D’Amour [1931] first showed that oestrogen injections into 
immature rats not only affected the reproductive organs but also arrested 
growth. Wade and Doisy [1931] obtained similar results. In various 
experiments Spencer and liis collaborators [1932a and 6] studied the effect 
of oestrogen alone or combined with a gonadotrophic extract on normal 
male rats and on normal and ovariectomized females. They confirmed 
Moore’s findings and made histological studies of the gonads, accessory 
organs, and endocrine glands. The work was extended bj’" Halpern and 
D’Amour [1934, 1936], who found that 805 rat units of oestrogen in 8 
weeks caused degeneration of the male gonads comparable to that seen 
after hypophysectomy. McEuen [1936] obtained similar results. These 
writers described the enlargement of the rat hypoplysis which occims after 
oestrin injections ; this has been found in mice and rats of both sexes, by 
numerous other workers including Hohlweg [1934], Korenclievsky and 
Dennison [1934], ISTelson [1934], Wolfe and Phelps [1935], Cramer and 
Horning [1936a], and McEuen, Selye, and CoUip [1936] after admim'stra- 

^ Tlio present bibliograpliy only includes n few of the many papers describing tlio effects 
of oestrogens in female rats and mice. 
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DEPRESSION OF HYPOPHYSEAL ACTIVITY 

tion of oestrogenic substances. In rats so treated for 7-11 months tumours 
of the anterior pituitary gland weighing up to 250 mg. may be formed 
[Zondek, 19366, 1937; McEuen et aL, 1936; Wolfe and Wright, 1938]. A 
low gonadotrophic hormone content has been found in the hypophysis of 
both male and female gonadectomized rats [Meyer, Leonard, Hisaw, and 
Martin, 1930, 1932; Bialet-Laprida, 1933] and normal male rats [Lipschiitz, 
1935] after continued injections with oestrogen. 

Zondek [1936, 1937], extending his earher work on the subject, used 
larger doses of oestrogen for longer periods and showed that it was possible 
to depress the growth-rate of both rats and birds (White Leghorns) by 
regular injections. He states that the injections acting on the hypophysis 
cause first a failure in the secretion of the gonadotrophic hormone and 
then shrinkage of the gonads and accessory organs. The growth-rate is 
next affected, but the other pituitary gland functions do not seem to be 
impaired, although the pituitary gland and adrenals are enlarged in male 
rats. Bialet-Laprida [1933], however, found thyroid depression in the rat, 
and Emmens [1938] in the fowl, after oestrogen administration, and 
Barnes, Regan, and Nelson [1933] claim to have induced depression of the 
diabetogenic hormone of the anterior pituitary by similar means. 

Noble [1938a and 6] has shown that the inhibition of the anterior 
pituitary gland in rats, with the accompanying changes in the repro- 
ductive organs, can be brought about by s^mthetic oestrogens. 

The effects of prolonged administration of oestrogenic substances have 
also been studied on male mice, mainly on cancer-susceptible strains. In 
spite of negative results such as those of AUanson [1931] it is clear from 
the findings that the gonadotrophic function of the pituitary of the 
mouse, like that of the rat, may be inhibited by oestrogenic substances 
[Lacassagne, 1934: ; Burrows, 1936a ; Cramer and Homing, 19366 ; Gardner, 
1937]. The histological changes found in the various organs wiU be briefly 
referred to later in this paper. A special study has been made of mouse 
adrenals by several workers, including Martin [1930], Burrows [1937], 
Lacassagne and Raynaud [1937], Cramer and Homing [19366, 1937], and 
Danner [1938], but the results have been inconsistent, probably because 
of differences in technique. 

Although the literature on oestrogen administration is extensive, there 
few reports about the recover}’' of the rats and mice after cessation of 
the treatment. Spencer eta?. [1932a], however, investigated tliis point on 
three male and five female rats and showed clearly that after the end of 
‘■reatment an increase in the growth-rate takes place and the reproductive 
organs tend to return to functional normality. The females show complete 
restoration and a return of fertility more rapidly than the males. Only one 
out of three males is reported to have contained live sperm 12 weeks after 
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Introduction 

Numerous workers liave reported that continued administration of 
oestrogenic jireiiarations b}" daily subcutaneous injections 11111 damage 
the reproductive organs of male rats. At first the damage was attributed to 
hormone antagonism [Steinach and Kun, 1 92G ; Laqueur and de J ongh, 1928; 
Borchardt, Dingemanse, de Jongh, and Laqueur, 1929], but later when 
it had been shoini that similar results could be obtained in female rats and 
mice^ it became likely that the gonadotrophic activity of the pituitary gland 
was affected. Moore and Price [1930, 1932], who reviewed the older papers, 
showed that the harmful effect of oestrogenic extracts in the male rat could 
be prevented by simultaneous injection of gonadotrophic substances which 
replaced the secretion of the animal’s oivn pituitary. These uTiters found 
severe changes in the normal male rat after 20 da 5 '^s injection with 15-20 
rat units of oestrogen daily — a comparatively low dose. Spencer, Gus- 
tavson, and D’Amour [1931] first showed that oestrogen injections into 
immature rats not only affected the reproductive organs but also arrested 
growth. Wade and Doisy [1931] obtained similar results. In various 
experiments Spencer and his collaborators [1932a and U] studied the effect 
of oestrogen alone or combmed with a gonadotrophic extract on normal 
male rats and on normal and ovariectomized females. They confirmed 
Moore’s findings and made histological studies of the gonads, accessorj’^ 
organs, and endocrine glands. The work was extended by Halpern and 
D’Amour [1934, 1936], who found that 805 rat imits of oestrogen in 8 
weeks caused degeneration of the male gonads comparable to that seen 
after h 3 q)ophysectomy. McEuen [1936] obtained similar results. These 
ivriters described the enlargement of the rat hypophysis which occurs after 
oestrin injections ; this has been found in miee and rats of both sexes, by 
numerous other workers including Hohlweg [1934], Korenchevsky and 
Dennison [1934], JSTelson [1934], Wolfe and Phelps [1935], Cramer and 
Homing [1936a], and McEuen, Selye, and CoUip [1936] after admimstra- 

^ The present bibliography only includes a few of the many papers describing tho effects 
of oestrogens in female rats and mice. 
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tion of oestrogenic substances. In rats so treated for 7-11 months tumours 
of the anterior pituitary gland weighing up to 250 mg. may be formed 
[Zondek, 19366, 1937; McEuen et al., 1936; Wolfe and Wright, 1938]. A 
low gonadotrophic hormone content has been found in the hypophysis of 
both male and female gonadectomized rats [Meyer, Leonard, Hisaw, and 
Martin, 1930, 1932 ; Bialet-Laprida, 1933] and normal male rats [Lipschiitz, 
1935] after continued injections with oestrogen. 

Zondek [1936, 1937], extending his earlier work on the subject, used 
larger doses of oestrogen for longer periods and showed that it was possible 
to depress the growth-rate of both rats and birds (White Leghorns) by 
regular injections. He states that the injections acting on the hypophysis 
cause first a failure in the secretion of the gonadotrophic hormone and 
then shrinkage of the gonads and accessory organs. The growth-rate is 
next affected, but the other pituitary gland functions do not seem to be 
impaired, although the pituitary gland and adrenals are enlarged in male 
rats. Bialet-Laprida [1933], however, found thyroid depression in the rat, 
and Emmens [1938] in the fowl, after oestrogen administration, and 
Barnes, Regan, and Nelson [1933] claim to have induced depression of the 
diabetogenic hormone of the anterior pituitary by similar means. 

Noble [1938a and 6] has shown that the inhibition of the anterior 
pituitary gland in rats, with the accompanying changes in the repro- 
ductive organs, can be brought about by synthetic oestrogens. 

The effects of prolonged administration of oestrogenic substances have 
also been studied on male mice, mainly on cancer-susceptible strains. In 
spite of negative results such as those of Allanson [1931] it is clear firom 
the findings that the gonadotrophic function of the pituitary of the 
mouse, like that of the rat, may be inhibited by oestrogenic substances 
[Lacassagne, 1934 ; Burrows, 1936a ; Cramer and Homing, 19366 ; Gardner, 
1937]. The histological changes foimd in the various organs will be briefly 
referred to later in this paper. A special study has been made of mouse 
adrenals by several workers, including Martin [1930], Burrows [1937], 
Lacassagne and Ra3Tiaud [1937], Cramer and Homing [19366, 1937], and 
Banner [1938], but the results have been inconsistent, nrobablv beoaii<?p 
of differences in technique. 

Although the literature on oestrogen administration is extensive, there 
are few reports about the recovery of the rats and mice after cessation of 
he treatment. Spencer et ah [1932a], however, investigated this point on 
iree male and flve female rats and showed clearly that after the end of 
rcatment an increase in the growth-rate takes place and the reproductive 
roL? functional normaUty. The females show complete 

out nf Ir' ^ fertiUty more rapidly than the males. Only one 

01 turee males is reported to have contained live sperm 12 weeks after 
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cessation of the injections. Zondek [1930^)] states tlmt, if injections are 
discontinued after several months, tlio animals do not spontaneously 
resume their growth. 

It has recently been demonstrated [Deanesly and Parkes, 1937, 1938; 
Noble, 1938a; Pybus and IVIiller, 1938] that the effect of prolonged ad- 
ministration of oestrogons can bo obtained in birds, rats, and mice by 
placing a compressed tablet of pure hormone in the subcutaneous tissues. 
Such tablets will last for a very long period [Deanesly and Parkes, 1938] 
owing to their low rate of absorption, and the necessity for continued 
daily injections is thus avoided. In the present paper a further account 
is given of the results of administration of ocstrogens in tablet form to 
male rats and mice, with new data on the rate of absorption of oestrono 
and oestradiol, on the changes in size and structure in the reproductive 
organs and ductless glands, and on the gradual recovery of the animals 
after removal of the tablets. 

Material and Technique 

Oestrone was used in the form of circular, generally disk-shaped, tablets 
weighing 2’26-16 mg. Three large tablets weighing 80-9 G mg. were also 
used. The oestradiol tablets were similar and weighed 11*S-16’6 mg. 

The mice and rats were normal males of varying weights. Subcutaneous 
implantation of the tablets was carried out aseptically under ether 
anaesthesia, and the skin was closed by a stitch. Later removal of tablets 
was carried out under the same conditions. The tablets were weighed, 
generally to the nearest tenth of a milligram, before implantation, and 
cleaned, dried in a desiccator, and reweighed after removal. 

The Rates of Absorption of Oestrone and Oestradiol in Tablet Form 

It was not always possible to make an accurate determination of the 
loss of material from small tablets during short periods of implantation, 
since the estimate of the slight amount absorbed might be disturbed by 
adherence of traces of tissue, or by the loss of small amounts of the sub- 
stance during dissection of the tablet from the subcutaneous tissues. 
Over longer periods of implantation the eri’ors of this nature are relatively 
smaller, and consistent results were obtained. 

There is as yet no good evidence that the rate of absorption of the 
tablets is affected by the functional requirements of the animal ; factors in- 
fluencing the rate of absorption are discussed in an earlier paper [Deanesly 
and Parkes, 1938] ; the figures in Table I provide further data, based on 
more animals. The last column of the table shows, for convenient com- 
parison, the percentage loss from the tablets per month (30 days). For 
oestrono in mice this figure is rather lower than that given by Deanesly 
and Parkes [1938], but for oestrone and oestradiol in rats the figures are 
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substantially similar. It will be seen that the absorption of oestrone is 
very gradual and, assuming the animars survival, a tablet of 15 mg. 
would probably persist subcutaneously for 18 months or 2 years. At the 
time of writing [February, 1939] some rats have carried tablets which are 
still palpable after 9 months. It is not known why the rate of absorption 
is higher in mice than in rats, though it may be due to a difference in body 
temperature or metabolism. Pybus and Miller’s [1938] estimate of the 
absorption from 5 mg. oestrone tablets in mice is almost certainly too 
high. It is clear that the absorption of oestradiol imder the skin of rats 
is more than twice as rapid as that of oestrone — a 14 mg. tablet loses 8% or 
month as compared with 4% per month or less for a similar sized 
tablet of oestrone. 

The data for oestrone and oestradiol implanted for 263 and 270 days 
(Table I) show that the rate of absorption, expressed as a percentage of 
the original tablet, falls as the duration of the experiment is prolonged. 
This result would be expected owing to the steady decrease and reduced 
surface area of the original tablet. Further studies are now being made of 
absorption over long periods. At any stage of an experiment the tablets 
can be removed from the subcutaneous tissues (under ether anaesthesia), 
dried, weighed, and replaced the following day. This was done for the 
tablets in groups 1, 11, and IV (Fig. 1). 

Table I. Absorption of oestrone and oestradiol from the svbculaneous tissue 

of mice and rats 


Substance 

Species 

No. of 

Average 

tablet 

size 

Days 

Average 

amovmt 

absorbed 

Approximate 
absorbed 
per month 

group no.* 

animals 

mg. 

implanted 

mg. 

(30 days) 

Oestrone 

Mice 

11 

9*00 

50 

0*5 

5*6 

„ 

Rats 

5 

14*73 

75 

1*63 

4*4 

ft 

ft 

1 

15*40 

112 

1*7 

3*0 

ft 

ft I 

4* 

16*90 

127 

2*3 

3*2 

ft 

„ II 

4* 

6*85 

127 

1*16 

4*0 

ft 

ft 

2 

15*90 

150 

2*1 

2*65 

ft 


1 

16*00 

263 

4*1 

2*9 

Oestradiol 

!! in 

5* 

14*40 

50 

2*1 

8*75 

ft 

ft 

4 

14*30 

60 

2*5 

9-00 

ft 

„ rv 

5* 

11*80 

121 

4*2 

8*80 

ft 

ft 

2 

16*25 

150 

6*05 

6*25 

ft 

ft 

3 

14*50 

270 

7*3 

5-60 


* Kig. 1 shows tho growth-rates of these groups of rats. Group II contained five rate, but 
®^tisfactory weight determinations could only bo made in four tablets. 


The effects of oestbogenic substances in male rats 
Groivih, As stated by Halpem and D’Amour [1932], adult male rats 
(such as most of those listed in Table II) show little change in weight after 
^idministration of oestrogens. ^lale rats which have not reached adult size. 
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however, show a ninrlcccl reaction to oestrogen administration in their 
growth-rate. Fig. 1 shows the average growtli-cnrvcs of 35 normal rats^ 
and of 20 other rats (groups I to IV, Table I) kept under identical con- 
ditions but having subcutaneous tablets of ocstrone or ocstradiol. The 
tablets were implanted on 18 Jul}', when the rats at 120 g. body-weight 



^ -g O 35 normal rats. Tho romnining 4 linos roprosont tho growth-curves of rats in 
wliich tablets of oostrogon wore implanted on 18 July (arrow A). 

X- -Jf- —X Group I. 5 rats, 4 after 3 Sept., receiving oostrono tablets, average weight 10*9 mg. 

B ■— « Group II, 6 rats receiving oostrono tablets, average woiglit G*9 mg. 

The slight divergence between tho growtli-curves of groups I and II only occurs 
after tho death of a rat in group I and is probabl^'^ not significant. 

Group III. 6 rats receiving oostradiol tablets, average weiglit 14*4 mg.; on 
6 Sept, (arrow B) tho tablets wore removed. 

Group IV. 5 rats receiving oostradiol tablets, average weight 11-8 mg. 

were about half gro^vn. The graphs of the rats with tablets, with the 
exception of group I, each represent an average of five animals. 

It will be seen that the rate of growth falls off sharply'- YQvy soon after 
the implantation of oestrogenic tablets, although the animals continue to 
gain weight slightly. From the data in Table I it may be calculated that 
the average daily amount absorbed is 18 pg. and 8 pg. of oestrone in groups 
I and II, and 42 pg. and 35 pg. of oestradiol in groups III and IV. These 
amounts are comparatively Ioav and of the same order as those injected 
by Spencer et al. [19326]. Even the relatively low dose of oestrone absorbed 

^ During the last week of September 1938 tho rats show a loss of weight apparently duo 
to disturbance of tlieir maintenance routine. 
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by group H was sufficient to inhibit growth to about the same extent as 
in the other groups. The graph of group IH shows the effect of remoTal 
of the oestradiol tablets after 50 days’ implantation. An immediate in- 
crease in the growth-rate takes place, as was found by Spencer et aL [1932a], 
after the cessation of injections, and in a few weeks the animals reach a 
normal body- weight. Group III was killed on 28 October for examination 
of the reproductive and endocrine organs, 52 days after removal of the 
oestradiol. 

Further experiments are now in progress to ascertain the effect of 
different amounts of oestrogenic substances, acting through the hypo- 
physis, on the growth of younger rats. 

Changes in the size and structure of the reproductive organs and ductless 
glands. The effects of single implantations of oestrogens in tablet form on 
the pituitary glands, adrenals, and reproductive organs of male rats are 
illustrated in Table II, which shows the rapid decline in the size of the 
reproductive organs and the recovery after removal of the tablet. 


Table II. Size changes in the reproductive organs, pituitary gland, and 
adrenals of the male rat after implantation of oestrogens in tablet form 


No. 

of 

Sub- 

Days 

Days 

after 

tablet 

Testes 

Prostate 



s.v. 

Pituitary 

gland 

Adrenals 

rats 

stance 

implanted 

removal 

g- 

mg. 

mg. 

mg. 

mg. 

4 

Control* 

— 

— 

2*30 

597 

610 

8 

27 

4 

0 estrone 

28^30 

— 

0-95 

196 

82 

16 

52 

1 

Oestradiol 

30 

— 

0*68 

320 

127 

24 

29 

4 

Oestradiol 

60 

— - 

0-45 

103 

55 

37 

43 

6 

Oestrone 

103-11 

. — 

0-45 

106 

57 

21 

45 

2 

0 estrone 

150 

— _ 

0-31 

105 

50 

— 

42 

1 

Oestrone 

263 

. — 

0-44 

160 

61 

30 

40 

2 

Oestradiol 

150 

— 

0-27 

148 

73 

39 

38 

3 

Oestradiol 

270 

— 

0*29 

87 

86 

Tumours 

32 

5 

Oestradiol 

60 

52 

1*86 

487 

365 

13 

39 

4 

Oestrone 

111 

47-50 

2*77 

552 

522 

10 

34 


* Tho reproductive organs and pituitary glands are frona normal rats average weight 
g., the adrenals from sh'ghtly younger rats averaging 181 g. 


Pituitary gland. Enlargement of the rat pituitary gland is noticeable 
15 days after implantation of the oestrogenic substance, and the process 
commonly continues until the gland has increased from about 8 mg. in 
adult rat to 22 mg. Exceptionally, particularly in male rats with 
oestradiol tablets for 60 da^^s, the gland ma^" reach a weight of over 50 mg. 

Histological examination of the anterior lobes of the pituitary’ glands 
from the present series of rats confirmed the accounts given by previous 
''Workers of the cytological changes accompanying the enlargement 
[Scveringhaus, 1937]. The early response consists of a degranulation of 
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liowcver, show a marked reaction to oestrogen administration in their 
growth-rate. Fig. 1 sliows tlie average growtli-curvcs of 35 normal rats* 
and of 20 otlior rats (groups I to IV, Table I) Iccpt under identical con- 
ditions but having subcutaneous tablets of ocstronc or ocstradiol. The 
tablets were implanted on 18 Jul^’, when the rats at 120 g. body- weight 



A 0 O 35 normal rats. Tlio remaining 4 lines represent tlio growth-curv'es of rats in 

whicli tablets of oestrogen wore implanted on 18 July (arrow A). 

X- —X Group I. 5 rats, 4 after 3 Sept., receiving oostrono tablets, average weight 1 0*9 mg. 

a ■ H Group II. 6 rats receiving oostrono tablets, average weight 6*9 mg. 

The slight divergence between the growth-curves of groups I and II only occurs 
after the death of a rat in group I and is probably not significant. 

Group III. 5 rats receiving oestradiol tablets, average weight 14*4 mg.; on 
C Sept, (arrow B) the tablets were removed. 

•- Group IV. 5 rats receiving oestradiol tablets, average weight 11*8 mg. 

were about half gro-wn. The graphs of the rats with tablets, with the 
exception of group I, each represent an average of five animals. 

It will be seen that the rate of grovdh falls off sharplj’’ verj’' soon after 
the implantation of oestrogenic tablets, although the animals continue to 
gain weight shghtly. From the data in Table I it may be calculated that 
the average daily amount absorbed is 18 pg. and 8 fig. of oestrone in groups 
I and II, and 42 fig. and 35 fig. of oestradiol in groups III and IV. These 
amounts are comparatively low and of the same order as those injected 
by Spencer et al. [19326]. Even the relatively low dose of oestrone absorbed 

^ During the last week of September 1938 the rats show a loss of weight apparently due 
to disturbance of their maintenance routine. 
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by group IE was sufficient to inhibit growth to about the same extent as 
in the other groups. The graph of group III shows the effect of removal 
of the oestradiol tablets after 50 days’ implantation. An immediate in- 
crease in the growth-rate takes place, as was found by Spencer et al, [1932a], 
after the cessation of injections, and in a few weeks the animals reach a 
normal body- weight. Group III was killed on 28 October for examination 
of the reproductive and endocrine organs, 52 days after removal of the 
oestradiol. 

Further experiments are now in progress to ascertain the effect of 
different amoimts of oestrogenic substances, acting through the hypo- 
physis, on the growth of younger rats. 

Changes in the size and structure of the reproductive organs and ductless 
glands. The effects of single implantations of oestrogens in tablet form on 
the pituitary glands, adrenals, and reproductive organs of male rats are 
illustrated in Table II, which shows the rapid decline in the size of the 
reproductive organs and the recovery after removal of the tablet. 


Table 11. Size changes in the reproductive organs, pituitary gland, and 
adrenals of the male rat after implantation of oestrogens in tablet form 


No. 

of 

Sub- 

Days 

Days 

after 

tablet 

Testes 

Prostate 

* 

S.V. 

Pituitary 

gland 

Adrenals 

rats 

stance 

implanted 

removal 

g- 

mg. 

mg. 

mg. 

mg. 

4 

Control* 

— 

— 

2-30 

597 

610 

8 

27 

4 

0 estrone 

28-30 

— 

0*95 

196 

82 

16 

62 

1 

Oestradiol 

30 

— 

0*68 

320 

127 

24 

29 

4 

Oestradiol 

60 

— 

0*45 

103 

55 

37 

43 

6 

Oestrone 

103-11 

— 

0*45 

106 

57 

21 

45 

2 

Oestrone 

160 



0*31 

105 

60 



42 

1 

Oestrone 

263 



0*44 

160 

61 

30 

40 

2 

Oestradiol 

150 

— 

0-27 

148 

73 

39 

38 

3 

Oestradiol 

270 

— 

0*29 

87 

86 

Tumours 

32 

6 

Oestradiol 

50 

52 

1*86 

487 

365 

13 

39 

4 

Oestrone 

111 

47-50 

2*77 

552 

522 

10 

34 


* Tho reproductive organs and pituitary glands are from normal rats average weight 
106 g., the adrenals from slightly yoimger rats averaging 181 g. 


Pthliiary gland. Enlargement of the rat pituitary gland is noticeable 
15 days after implantation of the oestrogenic substance, and the process 
commonly continues until the gland has increased from about 8 mg. in 
an adult rat to 22 mg. Exceptionally^ particularly in male rats with 
oestradiol tablets for 60 days, the gland may reach a weight of over 50 mg. 

Histological examination of the anterior lobes of the pituitary- glands 
from the present series of rats confirmed the accounts given by previous 
'''orkcrs of the cy-tological changes accompanying the enlargement 
[Severinghaus, 1937]. The early response consists of a degranulation of 
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some of tlic basophil cells ; Inter they enlarge and their Golgi apparatus 
h 3 'pcrtrophics. With continued oestrogen treatment there is widespread 
degramdation and enlargement not onl^’ of the basophils but also of the 
acidophils ; the chromophobe cells increase in relative number owing to 
the degranulation and also absolutely, owing to mitotic division. 

After prolonged oestrogen administration the iiituitarj' gland has a 
uniform chromophobe npjiearancc, the cells being swollen and having 
distinct cell boundaries and no granules. Part of the enlargement is due 
to marked A'ascular congestion. In the anterior lobe there is much colloid 
accumulation and large areas of degenerating cells. In some cases the 
centre of the lateral areas of the anterior lobe consists of extravasated 
blood and degenerating cells. 

In spite of the extensive changes caused bj" continued oestrogen ad- 
ministration, the pituitaiy glands recover their normal histological 
appearance within 50 daj’s of the removal of the tablets. Such glands 
have regressed towards a normal size (Table II), and sections show 
granular basophil and acidophil cells and normal capillaries. 

Haemorrhagic pituitarj’’ tumours, apparcntlj' similar to those des- 
cribed b}'^ earlier workers, u’ere found in onl^^ three rats — those which had 
oestradiol tablets implanted for 270 daj's. Two of the tumoiu-s weighed 
236 mg. and 356 mg. respectivel}'^ when fresh. The rats were not obviously 
affected bj*^ the tumours, but appeared to bo in a bad condition when 
killed. It will be noticed that the weights of their reproductive organs and 
adrenal glands are similar to those of other oestrogen-treated animals. 
Although Zondek [1937] states that in his experience the duration of the 
oestrogen treatment, rather than the dosage, determines tumour forma- 
tion, yet the rat absorbing oestrone over a similar period (263 da 3 "s) 
showed no signs of tumour formation. 

Testes and accessory glands. Table II gives a general indication of the 
fall in the weight of the testes, prostate, and seminal vesicles of adult 
male rats after implantation of oestrone or oestradiol tablets. The actual 
size of these organs at any given stage of the experiment depends partly 
on the initial bod 3 ’^- weight of the animal. Most of the rats listed in Table II 
weighed over 170 g. when tablets were implanted, but a few were 3 mung 
adults, 140-50 g. in weight. The shrinkage of the accessor 3 ’’ glands is more 
rapid than that of the testes, a fact that can be correlated with the 
degenerative changes in the interstitial cells. These are apparent as early 
as 14 days after tablet implantation ; the nuclei shrink, the cells become 
vacuolated and lose their cell boundaries, and the spaces between tubules 
normally occupied b 3 ’- interstitial cells become fiUed with eosinophil 
colloid. Both prostate and seminal vesicles show marked decrease in size 
due to loss of secretion after 14 days, and the maximum amount of shrink- 
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age has generally occurred after 30 days. Although oestrone is known to 
have a direct action on rudimentary or atrophic rat seminal vesicles, 
[Ereud, 1933] where it stimulates fibrosis and causes a slight enlargement, 
it is doubtful if it has a significant effect on size in this series. The testes 
vary greatly in weight (0-59-2-8 g.) after about a month, but all show 
degenerative changes in the interstitial cells and disorganization of the 
germinal epithelium in many of the tubules, although spermatozoa may 
still be present in others. Rats ftom the same group, 30 or 38 days after 
implantation, may differ markedly in the size and condition of the testes, 
although the prostate and seminal vesicles were equally shrunken. 

The condition of the testes and accessory organs tends to confirm the 
finding of Halpem and D ’Amour [1936] that males treated with oestrogen 
soon become infertile — ^in some cases after 19 days. In a group of rats 
treated for 50 or 60 days the testes were very degenerate and comparable 
to those of hypophysectomized animals. 

These degenerative changes in the gonads and accessory organs are 
reversible, as indicated by the weights of the organs from the last groups 
of rats listed in Table II. The tablets were removed from these animals 
when the testes had obviously regressed, and the rats were killed about 
50 days later. At the time of death the testes had increased in size and 
were no longer flabby, and the prostate and seminal vesicles were well 
developed. Although the histological appearance of the interstitial cells 
of the testis was variable, the condition of the accessory glands left no 
doubt as to their functional activity. Sections showed that in about half 
the testes the ger min al epithelium was not fully restored, although some 
tubules usually contained spermatozoa. One of the rats in the last group 
mated with a normal female 39 days after removal of the tablet, but the 
mating proved infertile. The other rats in this group did not mate, 
although placed with normal females. On the whole the rats recovering 
after oestrone showed a more normal germinal epithelium than the rats 
which had received oestradiol, although the implantation period was 
shorter in the latter (Table II). It seems probable that the degree of 
recovery depends both on the amount of oestrogenic substance absorbed 
and on the age of the rats when the tablets are implanted and removed. 
Viity days after tablet removal, when the accessory glands are again well 
grown, spermatogenesis is generally re-established and spermatozoa are 
found in the epididymis. 

Adrenah, It has long been known that the adrenals are smaller in the 
male rat than in the female. Winter and Emerj" [1936] show that gonad- 
cctomj^ increases adrenal size in the male rat and decreases it in the 
female. Korenchevsky and Dennison [1934, 1935] find that administration 
of oestrogens causes an increase in adrenal weight in the male rat but not 
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some of tlic bnsopliil cells; Inter llicy enlarge nnd ilicir Golgi apparatus 
hypertrophies. With contimicd oestrogen treatment there is •widespread 
degranulation and enlargement not only of the basophils but also of the 
acidophils ; the chromo])hobc cells increase in relative number owing to 
the degranulation and also absolutely, owing to mitotic division. 

After 2 '>roIongcd oestrogen administration the pituitary gland has a 
uniform chromophobe appearance, the cells being swollen nnd having 
distinct cell boundaries and no granules. Part of the enlargement is due 
to marked vascular congestion. In the anterior lobe there is much colloid 
accumulation and large areas of degenerating cells. In some cases the 
centre of the lateral areas of the anterior lobe consists of extravasated 
blood nnd degenerating cells. 

In spite of the extensive changes caused b}’ continued oestrogen ad- 
ministration, the ijituitary glands recover their normal histological 
appearance within 50 daj's of the removal of the tablets. Such glands 
have regressed towards a normal size (Table II), and sections show 
granular basophil and acidoidiil cells nnd normal capillaries. 

Haemorrhagic pituitary’’ tumours, apparently similar to those des- 
cribed by earlier workers, were found in only three rats — those Avhich had 
oestradiol tablets imjjlanted for 270 da^'s. Two of the tumours weighed 
236 mg. and 366 mg. respectivelj’’ ■ndien fresh. The rats "were not obviously 
affected by the tumours, but appeared to be in a bad condition ■when 
killed. It will be noticed that the weights of their reproductive organs and 
adrenal glands are similar to those of other oestrogen-treated animals. 
Although Zondek [1937] states that in his experience the duration of the 
oestrogen treatment, rather than the dosage, determines tumour forma- 
tion, yet the rat absorbing oestrone over a similar period (263 daj’^s) 
showed no signs of tumour formation. 

Testes and accessory glands. Table II gives a general indication of the 
fall in the Aveight of the testes, prostate, and seminal vesicles of adult 
male rats after implantation of oestrone or oestradiol tablets. The actual 
size of these organs at any given stage of the experiment depends partly 
on the initial body-weight of the animal. Most of the rats listed in Table II 
weighed over 170 g. when tablets Avere implanted, but a few Avere young 
adults, 140-50 g. in Aveight. The shrinkage of the accessor}’’ glands is more 
rapid than that of the testes, a fact that can be correlated AAdth the 
degenerative changes in the interstitial cells. These are apparent as early 
as 14 days after tablet implantation ; the nuclei shrink, the cells become 
vacuolated and lose their cell boundaries, and the spaces between tubules 
normally occupied by interstitial cells become filled Avith eosinophil 
colloid. Both prostate and seminal vesicles shoAv marked decrease in size 
due to loss of secretion after 14 days, and the maximum amount of shrink- 
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age has generally occurred after 30 days. Although oestrone is known to 
have a direct action on rudimentary or atrophic rat seminal vesicles, 
[Ereud, 1933] where it stimulates fibrosis and causes a slight enlargement, 
it is doubtful if it has a significant effect on size in this series. The testes 
vary greatly in weight (0-59-2-8 g.) after about a month, but all show 
degenerative changes in the interstitial cells and disorganization of the 
germinal epithelium in many of the tubules, although spermatozoa may 
still be present in others. Rats from the same group, 30 or 38 days after 
implantation, may differ markedly in the size and condition of the testes, 
although the prostate and seminal vesicles were equally shrunken. 

The condition of the testes and accessory organs tends to confirm the 
finding of Halpem and D’Amour [1936] that males treated with oestrogen 
soon become infertile — ^ia some cases after 19 days. In a group of rats 
treated for 50 or 60 days the testes were very degenerate and comparable 
to those of hypophysectomized animals. 

These degenerative changes in the gonads and accessory organs are 
reversible, as indicated by the weights of the organs ftom the last groups 
of rats listed in Table II. The tablets were removed ftom these animals 
when the testes had obviously regressed, and the rats were killed about 
50 days later. At the time of death the testes had increased in size and 
were no longer flabby, and the prostate and seminal vesicles were well 
developed. Although the histological appearance of the interstitial cells 
of the testis was variable, the condition of the accessory glands left no 
doubt as to their functional activity. Sections showed that in about half 
the testes the germinal epithelium was not fully restored, although some 
tubules usually contained spermatozoa. One of the rats in the last group 
mated with a normal female 39 days after removal of the tablet, but the 
mating proved infertile. The other rats in this group did not mate, 
although placed with normal females. On the whole the rats recovering 
after oestrone showed a more normal germinal epithelium than the rats 
which had received oestradiol, although the implantation period was 
shorter in the latter (Table II). It seems probable that the degree of 
recovery depends both on the amount of oestrogenic substance absorbed 
and on the age of the rats when the tablets are implanted and removed. 
Fifty da3^s after tablet removal, when the accessory glands are again well 
spermatogenesis is generally re-established and spermatozoa are 
found in the epididymis. 

Adrenah. It has long been known that the adrenals are smaller in the 
male rat than in the female. Winter and Emery [1936] show that gonad- 
ectomy increases adrenal size in the male rat and decreases it in the 
female. Korenchevskj^ and Dennison [1934, 1935] find that administration 
of oestrogens causes an increase in adrenal weight in the male rat but not 
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There was a tendency for the former to resemble the adrenals of females 
in size, shape, and histological structure. The cortex became thicker and 
more rounded, and a zone of small cells, generally with deeply staining 
cytoplasm, developed next the medulla. These changes have been illus- 
trated by Burrows [1936&], who compares the condition in the adrenal of 
the male after oestrogen dosage with that found in the adrenal of the 
castrate. It is well known that castration causes the development of an 
inner cortical zone (the so-called X-zone) in the male adrenal, which 
resembles that found in the pre-pubertal female. Typically the X-zone 
has well-defined limits, and in this respect it differs from the zona reticu- 
laris which replaces it in the adult female. The zone which develops round 
the medulla, as the male adrenal enlarges during oestrone treatment, 
resembles more closely the somewhat indefinite zona reticularis of the 
older female than it does the X-zone. It is subject to gradual degeneration 
and change, the cytoplasm sometimes tending to lose its affinity for stains 
so that the zone becomes less distinct from the rest of the cortex. In some 
of the experimental males the adrenals were of the female type with a 
large cortex, but the zona reticularis or X-zone had disappeared, though 
there were cells showing fatty degeneration next the medulla. 

After removal of the oestrone tablets the adrenals gradually reverted 
to the male size, shape and appearance. 

Mammary glands, Gardner, Smith, and Strong [1935], Burrows [1936a], 
and Nelson [1936] have described the effect of oestrogens on the mammary 
gland rudiment in male mice. No detailed observations were made on it 
in the present relatively short experiments, but slight proliferation of the 
ducts was observed in some mice. 

Summary 

The effects of oestrone and oestradiol have been investigated by the 
nnplantation of compressed tablets of pure hormone under the skin of 
niale rats and mice for periods from 10-270 days. This treatment, like 
continued injections of oestrogens, causes inhibition of some of the func- 
tions of the pituitary gland. It leads to marked depression of the growth 
loss of fertility, shrinkage of gonads and accessor^’' organs, and 
enlargement of the adrenals and pituitar}^ gland. After removal of the 
oestrone or oestradiol tablets these changes are reversible, and a stud3’' 
has been made of the gradual recovery of the animals. Three rats with 
oestradiol tablets for 270 daj^s developed tumours of the pituitarj" gland, 
'v^'liich would probably eventually have proved fatal. 

Records are included of the rate of absorption of the tablets. 

1 am much indebted to HsHiss M. AUanson, Ph.D., for examining and 
describing the anterior pituitary glands of the experimental rats. 
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rudimontarj^ glands, duo to fibrosis, is only slight and not comparable to 
that produced by interstitial cell activity or androgenic hormones. After 
60 days’ oestrone treatment the seminal vesicles of immature mice weighed 
only 10-20 mg., including the cranial prostate lobes. Table III shows that 
in adult mice there is marked shrinkage of the seminal vesicles in the first 
fortnight of oestrone treatment, suggesting that the interstitial cells are 
rapidl}’’ inactivated. Burrows [1935, 193Gn] and Gardner [1937] have 
described and illustrated histological changes in these cells after treatment 
until various oestrogens ; both these workers used immature male nuce 
where the volume of interstitial cell tissue is higher in relation to that of 
the tubules than in adults. They describe a degenerative process of cell 
enlargement, associated until subnormal male hormone production. A 
similar process has been seen in the present e.xporimental series in im- 
mature mice which have received oestrone for 59 days. The interstitial 
cells are large and hpoid-containing until distinct cell limits, but the nuclei 
appear shrunken and degenerate. Over shorter periods, when less slirink- 
age of the tubules has occurred, the morphological changes are less dis- 
tinet. In adult mice receiving oestrone the interstitial cells also show 
degenerative changes, but the enlargement phase is less common or of 
shorter duration; the interstitial cells often appear shrunken and sur- 
rounded by eosinophil colloid. 

Adrenals. In the mouse the adrenals are small and often somewhat 
elongated in the male, and larger and more rounded in the female, a sex 
difference which has been widely studied [see references and discussion 
by Deanesly, 1938]. There is evidence that the growth of the male adrenal 
cortex is inliibited by the secretion of the testis, since castration leads to 
cortical enlargement. As regards the effect of oestrogens on the male 
mouse, a study of the hteratxire indicates that the different experimental 
results on the adrenal cortex can be roughly classified into tlmee groups; 
(1) no change after short periods of injection [Martin, 1930]; (2) cortical 
enlargement and somewhat variable histological changes after longer 
periods of treatment [Martin, 1930; Burrows, 19366]; and (3) marked 
degenerative changes in the cortex and fatty accumulations round the 
medulla after prolonged oestrogen treatment [Lacassagne and E.a3maud, 
1937 ; Cramer and Horning, 1937 ; Danner, 1938]. The present results fall 
into the second category, since the adrenals show definite enlargement 
and histological changes during oestrone treatment. As in the rat, this 
can be regarded either as a response to the direct ‘feminizing’ influence of 
oestrone, or as a response to the inhibition of the testis caused by oestrone 
acting on the pituitary gland — ^in other words, as a castration effect. 

The adrenals were examined from 10 mice, immatures and adults, 
dming oestrone treatment, and from six others after its discontinuance. 
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There was a tendency for the former to resemble the adrenals of females 
in size, shape, and histological structure. The cortex became thicker and 
more rounded, and a zone of small cells, generally with deeply staining 
cytoplasm, developed next the medulla. These changes have been illus- 
trated by Burrows [19366], who compares the condition in the adrenal of 
the male after oestrogen dosage with that foimd in the adrenal of the 
castrate. It is well known that castration causes the development of an 
inner cortical zone (the so-caUed X-zone) in the male adrenal, which 
resembles that foimd in the pre-pubertal female. Typically the X-zone 
has weU-defined limits, and in this respect it differs from the zona reticu- 
laris which replaces it in the adult female. The zone which develops round 
the meduUa, as the male adrenal enlarges during oestrone treatment, 
resembles more closely the somewhat indefinite zona reticularis of the 
older female than it does the X-zone. It is subject to gradual degeneration 
and change, the cytoplasm sometimes tending to lose its affinity for stains 
so that the zone becomes less distinct from the rest of the cortex. In some 
of the experimental males the adrenals were of the female type with a 
large cortex, but the zona reticularis or X-zone had disappeared, though 
there were cells showing fatty degeneration next the medulla. 

After removal of the oestrone tablets the adrenals gradually reverted 
to the male size, shape and appearance. 

Mammary glands. Gardner, Smith, and Strong [1935], Burrows [1936a], 
and Nelson [1936] have described the effect of oestrogens on the mammary 
gland rudiment in male mice. No detailed observations were made on it 
m the present relatively short experiments, but slight proliferation of the 
ducts was observed in some mice. 

Summary 

The effects of oestrone and oestradiol have been investigated by the 
implantation of compressed tablets of pure hormone under the skin of 
male rats and mice for periods from 10-270 days. This treatment, like 
continued injections of oestrogens, causes inhibition of some of the func- 
tions of the pituitary gland. It leads to marked depression of the growth 
rate, loss of fertility, shrinkage of gonads and accessory organs, and 
enlargement of the adrenals and pituitary gland. After removal of the 
oestrone or oestradiol tablets these changes are reversible, and a study 
has been made of the gradual recovery of the animals. Three rats with 
oestradiol tablets for 270 days developed tumours of the pituitary gland, 
^'hich would probably eventuall 3 ’' have proved fatal. 

Records are included of the rate of absorption of the tablets. 

I am much indebted to ^Ess M. AUanson, Ph.D., for examining and 
describing the anterior pituitary glands of the experimental rats. 
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AN ASSAY METHOD FOR PROGESTERONE 
BASED UPON THE DECIDUAL REACTION 
IN THE RAT" 

By E. B. ASTWOOD^ 


From the Biological Laboratories, Harvard Vniversiiy, Cambridge, Mass, 
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Studies on the physiology of progesterone in the rat have met -with 
difficulties because of the lack of clear-cut anatomic end-points of pro- 
gestational effects. Detailed studies have heretofore been centred on the 
rabbit, wherein the transformation of the endometrium and the quiescence 
of the uterine musculature present striking evidence of corpus luteum 
hormone action. In the rat, uterine changes during pseudopregnancy, 
lactation, and after progesterone injections are by no means as striking. 
The decidual reaction, on the other hand, is a de&aite and specific indicator 
of corpus luteum activity in the rat and has therefore yielded the most 
exact information regarding the endocrine relations of early pregnancy. 
Because of its high degree of specificity, this response has been adapted 
to the assay of progesterone. Rats are more readily available in many 
laboratories than rabbits, and a satisfactory assay method based upon the 
rat may be useful in certain instances in preference to the more expensive 
rabbit assay. 

Weichert [1928], by the use of corpus luteum extracts, was the first to 
produce deciduomata in ovariectomized rats. This effect of crude extracts 


■^as confirmed by Nelson and Pfiffner [1930] on adult, and hy Shelesnyak 
[1933] on immature, animals. The latter author obtained positive re- 


sponses with as little as 4 g. equivalent of fresh corpus luteum tissue as 
the total dose over 8 days, while Nelson and Pfiffner gave 8 to 10 g. equi- 
valents daily. The production of deciduomata in ovariectomized rats by 
means of progesterone has been reported in a preliminar3’’ communication 

[Astwood, 1939]. Experiments on ovariectomized rats showed that it was 

difficult to obtain deciduomata when such animals were first primed vdth 
oestrogen and then treated vrith large amounts of progesterone vrith or 
without various dosages of oestrogen. In the majority of such animals, 
endometrial trauma on the 3rd to the 5th day of progesterone treatment 
resulted in no decidual reaction with progesterone dosages as high as 
2 mg. daily. Similarly, various fractions from fresh hog corpora lutea of 

* ^ Rockefeller foundation administered by Prof. F. L. Hisaw. 

Rockefeller Foundation fellow in tho Xntural Sciences. 
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dificrent degrees of purity resulted in inconsistent responses even when as 
much as 76 g. equivalent of fresh tissue were given daily. The methods 
of the previously mentioned authors were followed closely, but it was 
impossible to achieve the degree of successes described by them, though 
much larger dosages were cmplo^’cd. It was found, however, that pro- 
gesterone is fully active in jwomoting the growth of dcciduomata in the 
absence of the ovaries once the endometrium has been rendered sensitive 
to traiima by the normally functioning ovaries of the pscudopregnant 
animal. As a consequence of this, a procedure has been developed per- 
mitting the consistent formation of dcciduomata in rats treated with 
progesterone. The degree of response obtained is proportional to the 
dosage given within certain limits. 

]\Ietiiods 

Adult female rats, 3-5 months old, weighing 150-200 g., were used in 
these studies. Groups of 6 to 15 animals showing fully cornified vaginal 
smears were selected from the colonj"^ on the 1st da}'^ of an experiment. 
The cervix uteri of each rat was stimulated by a strong faradic current 
according to the method of Greep and Hisaw [1938]. Vaginal smears 
were then made once daily until the termination of the experiment. 
Four days after the cervical stimulus was applied, the animals were 
oOphorectomized by the lumbar route. At the same time, the endometrium 
of one uterus of each animal was traumatized by inserting a needle 
through the cut tubal end of the uterus as far as the cervix on that side. 
By withdrawing the needle slantwise, the antimesometrial aspect of the 
endometrium was scratched throughout its entire length by the needle 
point. The injections of progesterone were given for 3 days beginning 
immediately after operation, during which time the vaginal orifice was 
frequently inspected for external haemorrhage. The animals were lulled 
with ehloroform and the traumatized uterus examined for gross swelling 
as compared "with the undamaged uterus of the other side. In some cases 
laparotomy was performed at 3 days and injections continued for 1 or 2 
days longer to see whether further growth or regression would occur. The 
degree of gross swelling Avas rated from 1 plus to 4 plus, by comparison 
with dcciduomata produced in uninjected pseudopregnant animals whose 
ovaries were left intact. A 4 plus rating was given those uteri showing 
a decidual response equal in diameter to those normally found at 3 days ; 
3 plus = normal 2-day deciduomata ; 2 plus = normal 1-day deciduo- 
mata ; and 1 plus = a questionable response. In some cases microscopic 
preparations were made to confirm the diagnosis, but it has been found 
that unless typical swellings are seen grossly, histologic effects are also 
questionable. 



DECIDUAL REACTION TO PROGESTERONE 


51 


Control Procedures 

As a measure of the efficiency of the cervical stimulus in inducing 
pseudopregnancy, reference may be made to a number of animals in which 
this procedure was performed and the animals then followed without 
oophorectomy. The first 65 individuals became pseudopregnant from a 
single stimulus before a refractory animal was encountered. This excep- 
tional animal and one other subsequently found could not be rendered 
pseudopregnant either by this means or by copulation. For 5 and 6 
consecutive cycles respectively these animals, when caged with males, 
showed vaginal plus at each 4- to 5-day cycle without becoming pseudo- 
pregnant. Autopsy showed no gross abnormality. 

Being relatively certain that the cervical stimulus used was effective, 
the next experiments were directed to the production of deciduomata in 
normal pseudopregnant rats. The endometrial traumatization was found 
to be most effective when performed 4 days after cervical stimulation 
during oestrus, that is, 5 days counting from prooestrus. The method used 
for inflicting adequate endometrial damage without operation consisted 
of exposing the cervix uteri with an aural-speculum and inserting a blunt 
steel wire possessing a small sharpened spur near the tip into the uterus 
on one side. The wire was run in imtil it was stopped by the tubal sphinc- 
ter and then withdrawn. In aU of 35 control animals treated in this way 
well-formed deciduomata developed in every instance. 

That no decidual reaction takes place when the ovaries are removed at 
the time of endometrial trauma is shown by a group of 22 animals. These 
animals were treated in the same manner as the test animals with the ex- 
ception that no injections were made, and were killed at various intervals 
from 1 to 4 days after oophorectomy. In no instance did the traumatized 
uterus display any swelling that could have been rated even as a question- 
able response. 


RESXJIiTS 

The degree of decidual reaction in response to various forms of treatment 
IS set forth in the table. In the first place, it will be noted that a daily 
dose of 0*5 mg. or more of progesterone given alone invariably resulted 
in a 3 to 4 plus response, while 0*25 mg. progesterone gave in most instances 
a 2 plus reaction. Less than 0*25 mg. resulted in more variable responses, 
and 0*1 mg. daily gave as a rule only 1 plus reactions. 

The influence of various amounts of simultaneously administered 
oestrogen can also be judged from the data in the table. A daily dosage 
of 0*l;ig. ocstradiol invariably caused inhibition of the response, and with 
the lower dosages of progesterone this inhibition was complete and no 
( cciduomata developed. Dosages of 0*02;ig. to 0*075/ig. did not cause 
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inhibition, but likewise did not appreciably enhance the progesterone 
cflect. These dosages of ocstradiol prevented to some degree the atrophy 
Avhich occurred in the non-traunmtized uteri, and in isolated instances 
appeared to cause sonic augmentation of the progesterone. Taken as a 
whole, however, the results fail to show any dosage combination of 
oestrogen and progesterone which is more clTcctivc than is progesterone 
given alone. 

Subdivision of the dail}’^ dosage into two or three injections gave no evi- 
dence that repeated injections over each 24-hour period are more efficient 
than single dailj’- doses. Variation in the volume of injected oil from 
OT c.c. to TO c.c. at each dose likewise proved to have no demonstrable 
influence on the response. As suggested by Phillips and Young [1938], 
palmitic acid was tried to see if it had any influence on potentiating the 
action of progesterone. Small amounts of this substance, admixed until 
the sesame oil before injection, was without influence on the reaction. 
When the dosage of progesterone was dissolved in a large volume of 
20% palmitic acid in sesame oil, the response was definitely inhibited. 
Testosterone and testosterone propionate, in doses of 1 to 10 mg. 
daily, Avere not effective in inducing decuoma formation under those 
conditions. 

In the use of this reaction for the assay of progesterone, a 2 plus deci- 
dual response has been taken as the optimum reaction. It constitutes 
a definite enlargement of the traumatized uterus which cannot be mis- 
taken for a questionable or negative response, and yet falls far short of 
a fully developed reaction. Three days has been taken as a standard time, 
for with the smaller doses no further groivth occurs when injections are 
continued for 4 or 6 days, and sometimes regression takes place in spite 
of continued treatment. The amount of progesterone required to produce 
this optimum reaction is about 0-75 mg. (0-75 I.U.) of progesterone. It 
is slightly smaller than the Corner-Alien [1929] unit, and about equal to 
the Clauberg [1930]. 

The dosage range over Avhich the response shows proportionality is small. 
One-half of the above amount produces a questionable reaction, while 
twice the amount produces a reaction which is nearly maximum. This 
maximal effect is thus obtained with four times the minimal effective doses. 
While the data given, depending as they do on visual impressions of size, 
do not permit of precise calculations of the error of the assay, the restricted 
dosage range over which the response shows proportionality permits the 
determination of progesterone with considerable accuracy. The simplicity 
of the procedures involved, the ready availability of adult rats and the 
obviation of histologic preparations renders practicable the use of several 
rats to a dose, thereby increasing the accuracy of assay. 
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* Oestrogen inhibition. 


^ -SarfemaZ Uterine Haemorrhage 

Mental finding in these experiments was the ftequent 
'bright red blooiT^^^ external uterine baemorrhage. In most instances, 
bon in those at the vaginal orifice 2 to 5 days after the opera- 

P^^cnomenon progesterone. Of 36 animals in which the 

first seon 2 to 3 d gross bleeding was observed in 24. In 14 it was 

after. There anr>e^^ ^ 4 ^^ operation, and in 10 it fitrst appeared 4 to 5 days 
are o be a relationship between the degree of decidual 
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response nnd tlic time of nppcnrnncc of the bleeding. Tlius, no bleeding 
wns seen in nnimnls Avhich were not given progesterone ; about half of 
those on the small doses showing a 1 plus reaction bled within 2 days, 
while half did not bleed. Nearl}' all animals showing a 2 or .3 plus response 
bled in 3 to 5 da 3 ’^s, while some animals with a 4 plus response had not 
bled bj’^ the 5th day. 

The volume of blood lost was difficult to estimate, but it was often 
comparative!}’- large. If undisturbed, it would sometimes drip from the 
vaginal orifice on to the cage floor, and usually there was sufficient to stain 
the adjacent fur. The duration of the bleeding could not be accurately 
determined from these experiments, for no animals were followed for 
longer than 5 days. In some, it lasted for but 1 day, while in others it con- 
tinued for as long as 3 days. 

This type of bleeding is very similar to that seen at the end of normal 
pseudopregnancy in rats Avhich jmsscss decidu’omata ; bleeding at this time 
is an indication of decidual breakdown, and heralds the approach of the 
next oestrous period. Similar bleeding also occurs when the ovaries are 
removed from deciduoma-bearing rats during pseudopregnancy. The 
interpretation of this bleeding from progesterone-induced deciduomata 
may rest upon the partial inadequacy of the injected progesterone in main- 
taining the growing deciduomata in a normal condition. It is not fully 
explained by the discontinuity of progesterone action, for it occurred as 
regularly in animals injected three times daily as in those given single doses 
daily. The appearance of this haemorrhage in treated rats may be an 
indication of some progesterone action even when the uterus shows no 
gross swelling at the time of examination. As a rule, bleeding is accom- 
panied by a decrease in the size of the deciduoma, and after 2 or 3 days of 
bleeding, small deciduomata may have entirely disappeared. 

SUMMABY 

The abihty of progesterone to promote the development of deciduomata 
in rats Avas studied in the following manner. Adult female rats were 
rendered pseudopregnant by electrical stimulation of the cervix uteri 
during oestrus. This procedure was successful in 65 consecutive animals. 
Four days later, the ovaries were removed and the endometrium trauma- 
tized by scratching with a needle point. In 22 control animals, Avhose 
ovaries remained intact, deciduomata developed in every instance ; in 16 
other uninjected controls, whose ovaries were removed at the time of 
trauma, no deciduomata Avere formed. Progesterone injections in the test 
animals Avere begun on the day of operation and continued for 3 days. 
The degree of decidual response was graded by comparmg the gross 
uterine sweUmg Avith deciduoma formed in normal pseudopregnant rats. 
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A total dose of 1*5 mg. or more gave 3 to 4 plus responses ; 0-75 mg, 2 plus ; 
0-3-0'6 mg. 1 plus or negative. Simultaneously-administered oestrogen in 
doses totalling 0-3 ftg. oestradiol or more inhibited the reaction; smaller 
doses were without effect. Variation of the volume of oU, or subdivision of 
the daily dose into two or three injections did not influence the response. 
The amount of progesterone which, when given pver 3 days to animals 
prepared in this way, will result in a 2 plus decidual response was equiva- 
lent to 0*75 mg. (0-75 I.U.). 

The author is indebted to Dr. P. G. Weil for permission to include herein 
some of his data. Professor Hisaw has generously provided the facilities 
of his laboratories for the major portion of this work; his helpful advice 
is greatly appreciated. 

Synthetic progesterone was kindly provided by Dr. Schwenk of the 
Schering Corporation. 
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OBSERVATIONS ON GROWTH (CHONDRO- 
TROPHIC) HORMONE AND LOCALIZATION 
OF ITS POINT OF ATTACK 

By J. I'KEUD, B. H. LBVIE, and D. B. KROON 

From the Phannaco-lhcrapculic and the Histologic Laboratory of the 
U 7) i versity of A msterda m 

{lieceived 14 March 1939) 

Acromegaly, dwarfism, and gigantism are general!}’’ attributed to 
jiituitary d 3 'sfunction. Hyxiopliysectomy is followed dwarfism, while 
treatment with aUcaline extracts of the pituitar}' leads to gigantism 
according to Evans and Long [1921]. Putnam, Benedict, and Teel [1929] 
found symptoms of acromegaly in dogs after similar treatment, and their 
findings "were confirmed b}’^ Evans [1935]. 

The problem of growth, in spite of these fundamental facts, is far fi:om 
being solved. Clinical results with growth hormone preparations are 
disappointing or at least uncertain, and even the exiierimental gigantism 
in rats has not been rejiroduced by others since 1921. Some authorities 
in this field of research question even the very existence of growth hor- 
mone, and Riddle and Bates [1933, 1935, 1938] suggest that certain 
pituitary extracts owe their action upon growth to ‘a balanced combina- 
tion’ of prolactin, thjTeo-, or perhaps adrenotropic hormones rather than 
to a special growth hormone. Reiss [1937] pointed out the importance 
of corticotropic extracts for growth. 

We cannot definitely say whether the growth-promoting effect is due 
to one substance or not. We can state, however, that our highly purified 
preparations were practically free of prolactin, cortico-, and tlijcreotropic 
activity. An academic discussion may arise from the word ‘practically 
free when this statement depends merely on the methods and results of 
comparative assay. It is difficult, how’ever, to believe that prolactin, 
thyreo-, and gonadotropic potency of a crude extract can be reduced by 
fractionation 40 to 100 times, without affecting ‘growth potency’, if the 
latter should depend on the balanced combination of the discarded 
fractions. 

An assay is reliable when the effect of the hormone can be analysed at 
a known point of attack. Up to now growth hormone has been assa 3 >'ed 
by its action upon body- weight of normal rats in a ‘plateau’ of their 
weight curve or in hypoph 3 '^sectomized rats. The few suggestions for 
measuring the size of the body were impracticable on account of technical 
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difficulties. Growth is commonly assumed to mean an increase in the 
length of the skeleton. Smith [1930], Koster and Geesink [1929], Dandy 
and Reichert [1925, 1938], Parkes and Rowlands [1938], and many others 
drew attention to the lack of skeletal growth after hypophysectomy. 
Handelsman and Gordon [1930] claim that growth hormone produces 
periosteal growth of bone. Lucke and Hiickel [1933] observed proliferative 
changes in joint cartilage and regression of the epiphyseal junctions. 
Mortimer [1937] studied skull growth in rats and in dogs, and in carefully 
documented papers he states that the vascular supply is interfered with 
by hypophysectomy, and that the height and breadth of the skull reach 
normal dimensions, while fronto-occipital growth, especially of the ^face’, 
is impaired. The changes in the teeth, first described by Schour and van 
Dyke [1932], were not only confirmed, but were also reversed by the 
administration of pinified pituitary extracts. Silberberg [1935, 1936] and 
Silberberg and Silberberg [1935, 1936, 1937], observed histological 
changes in the skeleton of guinea-pigs treated with an acid (!) extract of 
the pituitary. The majority of authors used alkaline solvents when trying 
to obtain growth hormone. Prom the limited data available concerning 
methods of extraction, dosage, and histological features, it may be sur- 
mised that Silberberg actually observed the effects of some pituitary 
substance other than growth hormone. The effects which he observed, 
hyperplasia and hypertrophy of cartilage, calcification and premature 
^PThyseal closure, only partially agree with those presented in this 
paper. 

The growth response of hereditarily dwarfed mice and of pigeons to 
lacto-, th3u:eo-, and corticotropic extracts and to th^rroxin does not dis- 
prove the existence of growth hormone. The h3Tpophysis acts upon the 
trophic condition of somatic and endocrine cells and tissues either im- 
mediately or after what may be described as a relay effect through some 
outlying endocrine gland. Optimal body growth is to a certain extent an 
all or nothing’ phenomenon, which surely requires the synergism of aU 
the hormones. That a place in this complex is occupied by gro’^vth hor- 
mone alone may be shown b^^ localizing and defining a more specific 
function for the hormone than merely an influence upon the general 
trophic state of the body. It should then become easier to assess the 
ficgree of its separate identity from other hormones which are likewise 
essential to general trophic normalitj^ but whose specific effect is other 
than on growth. In this paper we shall attempt to prove that growth 
hormone is chondrotropliic and that growth effected b}" means other than 
chondrotrophic should henceforth be dissociated from the conception of 
growth hormone. 
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Normal Tail Grouih in Rat.'i 

In 851 rnts incnsurcinenls of ilic tail were made during growtli [Levie, 
1937]. At birth tlie tail is 15 mm, long, in adults 180 mm. Growth con- 
tinues until the rats are 4 months old ; the maximal rate of growth is 
between the 20th and 40th da}"-; during these 20 days the average weight 
of the rats in our colon}' rises from 25 to 75 g. The body is about 25% 
longer than the tail, but ns body and tail growth run strictly parallel, the 
tail length may be assumed to indicate the body growth. 

The tail was also studied skiagraphicall}', using a technique described 
by Freud and Levie in a previous paper. The total length of the tail and 
the length and shape of the vertebrae were also observed [Freud and 
Levie, 1938]. 

The distance on the skiagram between the first vertebra and the tip of 
the tail Avas measured. The first vertebra is crossed by a line AA'hich is 
tangential to the pelvic spinae, and this line served ns the medial limit 
for the measurements. 

The tail is composed of 27 vertebrae, of which the last seven are invisible 
and, according to Donaldson [1924], absent at dissection until the 12th 
day of life. The early shape of the vertebrae is a quadrangular block, 
the youngest being very small, and the epiphyses are at fii'st absent. 
Enchondral ossification begins on the 17th to 20th day. From each vertebral 
diaphysis two bony nuclei develop ijroximall}', two similar nuclei appearing 
distally later, and in the first 3 to 5 vertebrae these pairs unite AA'ithin 
27 days to form plates. After the 27th day epiphyseal junction occurs 
commencing in the 3 proximal vertebrae, and continuing until b}' the end 
of the 4th month all epiphysis have developed and closed. From observa- 
tion of the stage of development of the vertebrae, therefore, the age and 
size of the rat during the first 4 months of its life may be inferred and the 
relevant data may conveniently be compiled in the form of a tail calendar. 
This is of use in assessing the developmental abnormalities which may 
occur after hypophysectomy or other procedure. 

Tail and Hypophysis 

In 100 rats, all 45 days old and each AA'eighing 80 g., complete hj'po- 
physectomy was carried out in 70 and a dummy operation performed in 
30 controls. The modified paraphar 3 mgeal technique described by Fi'eud 
[1938] Avas adopted. The control operation proceeded to the stage of 
opening the episphenoidal dura and lesion of the anterior lobe, but this 
was left in situ. Sagittal serial sections of the sella Avere surveyed to 
control the operation, and only in a very fcAV Avere microscopic residues 
observed. 

Immediately after hypophysectomy the tail and vertebral groAvth 
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ceased entirely, except for an increase of a few millimetres in those rats 
which showed a residual pituitary tissue at the end of the experiment. 
The average tad growth of the control rats was 11 mm. in 7 days and 
25 mm. in 21 days, with a deviation of ±3 mm. 

The development of the vertebral epiphyses is disturbed after hypophys- 
ectomy. Skiagrams of the tail show a disappearance of the space between 
epiphyses and diaphyses, the proximal vertebrae preceding the distal in 
this respect; a young rat assumes within a few days the characteristic 
appearance of an adult rat. The artificially 'closed’ epiphysis in hypo- 
physectomized rats always exceed in number the spontaneously closed 
epiphyses already present at operation. An illustrative example is shown 
in our experiment No. 7, in which at operation 12 controls had an aver- 
age of 6«0 closed epiphyseal junctions, 10 hypophysectomized rats 6-5, 
whereas the corresponding post-operative values after 7 days were 6-6 
and 13-2. 

The closure of epiphyses seems final and irreversible by growth hormone. 
In a series of 6 rats, 15 vertebrae had no growth disks on the 22nd day 
after hypophysectomy and the remaining 12 vertebrae were in varying 
stages of transition. After treating these rats for 9 days with a preparation 
of proved potency, not only was the number of closed vertebrae un- 
changed, but the number of closed growth disks had increased to 23 and 
the tail had not grown. Obviously, the irreversible alteration of the 
epiphyseal growth disks had also involved those vertebrae in which the 
disk was still visible at the end of the first 22 daj^s. Fig. 1 shows two 
skiagrams of the tail of (a), a hypophysectomized, and (6), a control rat, 
with 14 days’ interval between the first and second picture. The tail of 
the operated rat has not grown and 8 epiphyses are closed ; that of the 
control rat has grown 30 mm., and only 1 epiphysis is closed. 

The Action of Growth Hormone 

The negative results obtained by delaj^ed treatment after hj^ophys- 
cctomy clearty indicate the necessit 3 ’' of commencing treatment im- 
mediately after the operation, if tail grovd-h is to be maintained. 

The preparations utilized had been extracted from acetone-dried or 
fresh beef pituitaries and purified b^" charcoal adsorption and elution, 
followed or preceded b}’’ isoelectric precipitation, using Dingemanse’s 
method [1938]. Daity doses of 1 to 24 weight increase units were injected 
intraperitoncallj" in two equal portions. The assaj- of weight units was 
earned out in hjq)opln\sectomized rats of 150 g. b\’ dail^- intraperitoneal 
injection of the presumptive unit. A preparation of reference was alwa\"s 
used and the threshold dose was estimated of this preparation and of the 
unknown one, this dose producing in the majority’ of injected rats a 7-g. 
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gnin in 7 days. TJio comparison forms tlio basis of calculating the unit 
strength of tho unknown preparation [Dingemanse and Freud, 1935]. 

The following table shows a few examples of tlic efTect of treatment 
on the weight and taibgrowth of GOO rats. Fach rat weighed 80 g., and 
groups of six received vaiying amounts of growth hormone over a 7-day 
period commencing on tho daj’- of operation. 

Table I 

Doso 




/ ■ — 

Acq. in 
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t* 
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43 

tt 
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90 

40 
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38 
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32 
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7*0 
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rt 

rt 

9*0 

8*0 

61 

225C 

25 

rt 

10*3 

7*2 

51 

225D 

10 

tt 

7-3 

4*0 

Hypopliysoctomizod, untreated 


— 

0 

7*0 

Normal 

>> 


— 

11-0 

20*0 


Table I shows that although the weight increase is very variable, the 
tail growth varies within narrow limits and is reasonably proportional to 
the dosage-level. The normal rate of gx-owth is not onty attained but even 
exceeded in the rats under treatment. 

The development of the epiphyseal disks remained normal. Dailj’^ 
administration of 12 units kept the epiphyses ‘open’ even longer than 
normally. Fig. 2 shows tail grovdili induced by gi’owtli hormone after 
hypophysectomy, in doses of 1*5 mg. of preparation 225A daily for 14 
days. The increase in tail-length was 27 mm. and no epiphj’^ses were 
closed. Fig. 3 is a comparison of the 10th vertebrae of a normal {a), a 
hypophysectomized untreated {b), and a hypophysectomized injected (c) 
rat, treated over a period of 14 days. Vertebral groAvtli is as conspicuous 
in the normal and the injected rat as arrested grovdih is in the untreated 
rat. The sldagram shows the closure (with or without previous growth) 
of vertebral epiphysis. The groxvth of the tail-length and the vertebrae 
are thus valuable indicators of growth hormone activity. 

We propose to replace the original technique of assa}^ on a weight basis 
by a new technique, whereby, in a 7-day experiment commencing on the 
day of operation, the tail groivth is compared Avith that foUoAving the use 
of standard preparations under the same conditions. 

A suitable minimal requirement is 6 mm. average groAvth in at least 
5 rats per group, the deviation permitted being Should the rate of 
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growth in any rat exceed that of the majority in the group or of others 
selected at random, it must be examined histologically for residual hypo- 
physeal tissue. 


Histology of the Skeletal Growth 

A large amount of skeletal material, collected from the above experi- 
ments, was subjected to histological analysis. Before discussing the results 
of the analysis a brief description of the normal longitudinal growth of 
bones in the rat will be given. During this phase the proliferating cells 
of the epiphyseal cartilage are arranged in columns and the intercellular 
matrix is scanty. Towards the diaphyseal primary marrow cavity the 
cells are distended, a phase preceding the replacement of these cells by 
vascularized connective tissue, approaching from the marrow and opening 
the cavities which surround the cartilage cells. In the matrix a network 
of thin cancellous bone develops and cartilaginous residue is still visible 
between the developing bony layers. In young rats (7 weeks) the growth 
disks are already closed on the epiphyseal side by a bony plate consisting 
of the transverse cancellous bone of the epiphysis. At the end of normal 
growth the production of cartilage ceU columns ceases. The fine structure 
of diaphyseal spongiosa is destroyed and replaced by massive bone. This 
is in part transversely arranged, leaning against the epiphyseal cartilage, 
which is also closed on the diaphyseal side by a bony endplate ; the growth 
disk ceases to exist. The remains of the epiphyseal cartilage has become 
an epiphyseal disk enclosed by two bony plates. Later the epiphyseal 
disk gradually disappears and bone is formed in the epiphyseal space. In 
the majority of the bones of the rat, however, this does not occur. Con- 
sequently, closure of the epiphj’'sis refers, in our terminology, to the stage 
at which the residue of the epiphyseal cartilage (or disk) has become 
enclosed between transverse bony plates. 

In the grovdh disk or epiphyseal zone of the normal growing rats we 
find, therefore: 

(1) cells arranged in columns, those nearest the marrow cavity being 
distended ; 

(2) little cartilaginous matrix ; 

(3) vascular connective tissue from the primar^^ marrow cavity invading 
these cell columns ; 

(4) a fine network of cancellous bone, forming the continuation of the 
cartilage columns towards the marrow cavity. 

4, 7, 10, and 13 show the following details clcarty: 

Fig. 4, the proximal growth disk of the tibia in a rat of 4 weeks. 

Fig. 7, a costal bone-cartilage junction in a rat of 7 weeks. 

^^g« 10, growth disk of a proximal vertebrae in a rat of 7 weeks. 
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Fig. 13, .schematic drawing of the pro.ximal growtli di.slc of the tibia in 
a rat of 3 months. 

In hypophysectomized rats important differcnce.s arc to be observed. All 
the growth disks exhibit the same features ; the regular columns of cells, 
so characteristic of growing cartilage, show little or no development, while 
distended cells also arc arranged din'crcntly, forming round groups as if 
they would prefer traiisvcrsc proliferation. The mitogcncsis of cartilage 
cells docs not seem to have ceased entirel}^ but. the t3'pical arrangement 
of longitudinal growth is lost. The matrix has increased and is less 
regularly distributed among the cells. Vciy characteristic is the straight 
transverse boundaiy line between the growth zone and the diaplyseal 
marrow cavity, the cancellous primar^’^ bone appearing to be cut off. The 
cavities of the cartilage cells are no longer open. One month after lypo- 
phj'sectomj'^ a transverse bon}’’ plate closes the ejiiphysis, from which a 
number of massive bony processes project towards tbe diaphyseal marrow 
cavity. Nothing is left of the fine structure of cancellous bone exhibited 
by normal rats of a similar age. The picture closely resembles that already 
described as characteristic of cessation of gi’owth. 

It is extremely important to note that, whereas the development of 
cartilage is gravely impaired by hypoiihysectomy, the process of bone 
development remains undisturbed. The structure of bone everywdiere 
is normal, and no instance of a departure from the normal in the pro- 
gress of bone development was observed. Obviously, therefore, the 
agents necessary for bone growth are unimpaired by hypoijhysectomy. 
This agrees Avith the already known fact that desmal bone, such as 
cranial bone, differs in no respect in the hypoiiliysectomized, normal, or 
injected rat. 

To summarize, in the liypophysectomized rat Ave find the foUoAving 
phenomena : 

(1) no ‘directed’ groAvth of cartilage; 

(2) irregular distribution of cartilage cells ; 

(3) presence of cell division in cartilage ; 

(4) increase in the amount of matrix ; 

(6) closure of the groAAdih zone of the epiphysis by a bony plate ; 

(6) disappearance of fine primary cancellous bone. 

Figs. 5, 8, 11, and 14 illustrate: 

Fig. 6 , the proximal growth disk of the tibia in a rat of 7 Aveeks, 14 days 
after hypophysectomy. 

Fig. 8, a costal bone cartilage junction in a rat of 7 weeks, 14 days after 
hypophysectomy. 

Fig. 11, the epiphyseal cartilage of a proximal tail vertebra in a rat of 
7 weeks, 14 days after hypophysectomy. 
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Eig. 14, a schematic diagram of the proximal epiphyseal disk of the 
tibia in a rat of 3 months, 4 weeks after hypophysectomy. 

On histological inspection of bony structures of hypophysectomized rats 
receiving daily injections of growth hormone, the restoration of normal 
conditions is evident. The columns of cartilage cells are even more regular 
and the cells more numerous than in normal controls from the same breed, 
the growth disks in particular containing more cells. The cartilage cell 
columns are again extended by primary fine cancellous bone processes in 
parallel arrangement towards the primary marrow cavity. The sequelae 
of hypophysectomy are obliterated in aU the specimens, as shown by the 
examples given below. 

Figs. 6, 9, 12, and 15 illustrate: 

Fig. 6, the proximal growth disk of the tibia in a rat of 7 weeks, 14 days 
after hypophysectomy and daily treatment with 12 U. of growth 
hormone (injections commencing on day of operation). 

Fig. 9, a costal bone cartilage junction in a rat of 7 weeks, 14 days 
after hypophysectomy, and daily injections of 12 U. of growth 
hormone. 

Fig. 12, the epiphyseal cartilage of a proximal tail vertebra in a rat of 
7 weeks, 14 days after h 3 q)ophysectomy, and daily injections of 12 U. 
of growth hormone. 

Fig. 15, a schematic diagram of the proximal epiphyseal disk of the 
tibia in a rat of 3 months, 4 weeks after hypophysectomy, and daily 
injections of 12 U. of growth hormone. 

Summary 

1. After hypophysectomy, longitudinal bone growth ceases, especially 
m the tail, and 7 days after operation the difference between operated 
and control animals may be readily detected in skiagrams. 

2. The epiphyses are closed soon after hypophysectomy. 

3. Epiphyseal closure, once completed, cannot be reversed by’' treatment 
vdth growth hormone. 

4. Growth hormone treatment, when commenced immediately after 
hypophysectomy, prevents epiphyseal closure and maintains normal longi- 
tudinal growth in the tail. 

6. The assay of growth hormone is simple and reliable, using as indicator 
the tail length and vertebral development as showm by^ serial skiagrams. 

6. A minimal requirement of 6 mm. growd-h is advised as a basis of 
comparison between unknown and reference standard preparations. 

7. The growi:,h defect after hypophysectomy is definitely localized in 
the growing epiphyseal cartilage. 

8. The histological features of the process of growth cessation after 



G4 


J. FREUD, L. JI. LEVIE, AND D. B. KROON 

liypopliyscctomy nro exactly analogous to tliosc exhibited at the end of 
the normal growth period. 

9. Hypophyscctomizcd rats .show no alteration in the development of 
bone tissue, and dcsmal bone, such as cranial bone, develops norniall}'. 

10. Growth liormonc has a biologically typical point of attack at the 
proliferating cartilage and the terms growth hormone and chondrotrophic 
hormone are therefore sjmonymous. 
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Fig. 4. Tibia, Norinnl, Mnllory. x 0*1 
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Fig. 8. Costal bono-cartilago junction, 
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Fig. C. Tibia, Hypophysectomizod Hypophysoctomizod and treated, Hnoin.- 

treated, ISIallory. X 94 Eos. x 69 








PLACENTAL ACTIVITY IN THE MOUSE IN 
THE ABSENCE OF THE PITUITARY GLAND 
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The function of the placentae in the mouse can be studied by eliminating 
the other products of gestation on or about the 12th day of pregnancy. 
It has been shown that in the presence of the retained placentae the 
remaining week of ‘pregnancy’ approximates very closely to the normal, 
in spite of the absence of the growing foetuses. Thus, the placentae are 
dehvered at normal full term, and delivery is accompanied by a loss of 
weight greatly in excess of that of the placentae and is followed by oestrus. 
In the interval between foetal destruction and delivery of the placentae 
the weight added during the first part of pregnancy is maintained and 
oestrus is suppressed [Newton, 1935 ; Brooksby and Newton, 1938], Mam- 
mary development and ligamentous transformation of the symphysis 
pubis [Gardner, 1936] proceed normally, and 19 days after impregnation 
mammary glands and symphysis pubis are indistinguishable fi:om those 
at the end of normal pregnancy [Newton and Lits, 1938]. Allowing for 
some difierence in the choice of criteria, the same unimportance of the 
growing foetuses in maintaining the changes characteristic of the last week 
of pregnancy is found in the rat [Kirsch, 1938 ; Klein, 1935 ; Selye, CoUip, 
and Thomson, 1935 ; McKeown and Zuckerman, 1938], 

With the object of finding whether the activity of the placentae was 
direct or indirect, Newton and Lits [1938] removed the ovaries shortty 
after foetal destruction on about the 12th day of pregnancy, The 3 ^ found 
that in the ensuing week the mammar^^ glands did not undergo involution, 
and in some cases attained full-term development, provided placentae 
were retained. If oophorectomy resulted in placental abortion, as it fre- 
quently did, involution of the mammary glands was rapid and extensive. 
On the other hand, no pubic reabsorption took place in the absence of 
the ovaries, w'hich appeared also to be necessary" for the maintenance of 
hodj'-weight. These obsers^ations agree with those of Selj’e, Collip, and 
Thomson [1935], who found full mammary development in the rat after 
oophorectomy with placental retention, and are compatible with those of 
Klein [1935], who found that ovaries as W’cll as placentae were necessary- 
for mucification of the vagina. 


T 
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Tlio results ■\vliich follow show the cfTcct — or lack of cflcct — of h}T)o- 
ph3'^sectomy in mice enrr^'ing retained placentae, the experiments being 
complemcntniy to those of Newton and Lits on the effect of od2)horectomy. 
Mammar}' development, bod^'-weight, and s^'inply’sis pubis Avere observed. 

IVIktiiods 

Foetal destruction Avas performed on the 12th da}"- of gestation, AA'ithout 
open operation, b}’’ lightly'' anaesthetizing the mothers AA'ith ether and 
bursting the amniotic sacs by digital pressure through the abdominal AA'all. 
If complete cA^acuation of the Aiterus A\‘ns desired, the placentae AA'cre then 
dislodged from their attachments, still AA’ithout open operation, bj’^ holding 
the Aiterus AA'ith the finger and thumb just aboA’C each placenta and gently 
squeezing in a doAA’iiAA’ard direction. In these cases the course of evacua- 
tion Avas not folloAvcd in detail, but the uteri were alwaj's empty the 
foUoAving day. 

Hypopbj’^sectomj'’ AA’^as performed bj^ the parapharjuigeal method of 
Thomas [1938], which is characterized bj’- a A^’erj’’ complete exposure of the 
pituitary gland. A transverse cut across the basi-occipital bone foUoAved 
by sphtting of the occipito-sphcnoidal s3’nchondrosis enables the anterior 
part of the basi-occipital bone to be removed entire. The pituitar 3 ’’, which 
is more posteriorly placed than hi the rat, is thus completely exposed and 
the whole of it can be removed b 3 '^ suction under direct \dsion. The plate 
of bone is not replaced. Serial sections Avere made through the appropriate 
part of the brain and skuU in tAVO of the early operations (mice A and B) 
Avdthout any trace of pituitary tissue being found. As the whole gland can 
be seen to come away cleanly in one piece leaidng an empt 3 ’’ cavit3'^, oud 
since the latter can be re-explored post mortem, no further serial sections 
were made. The operations were performed under a magnification of 12 
or 14 times. The anaesthetic was ether or 0’5 c.c. 5% Nembutal intra- 
peritoneaUy Avith ether in addition if necessary. 

Sections were made of the same part of the fourth mammary gland of 
every mouse for histological examination, and the remainder of the glands 
were dissected from the skin after fixation in Bouin’s fluid, stained Aidth 
haematoxyhn, dehydrated, and mounted Avhole in dammar. For the pur- 
pose of indicating the extent of mammary development an image of that 
part of the 3rd gland near the nipple was projected by appropriate 
apparatus on to a draiAung-board, and its silhouette filled in AAuth mdian 
ink (Fig. 1). 

The length of the interpubic hgament was measured with a millimetre 
scale, the distance between the nearest bony points AAdth the ligament on 
the stretch being taken. None of the animals had previously been pregnant 
or pseudo-pregnant. 
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Weighing was performed at the same time each day, the animars 
bladder first being emptied by digital compression. 

Results 

These are presented in Table I and Rigs. 1 and 2. The most important 
points are as follows : 

1. After complete uterine evacuation on the 12th day of pregnancy, 
or following abortion shortly after this day, profound involution of the 
mammary glands occurs (Fig. 3 and Fig. 1, M to T). This involution is 
prevented by the presence of placental tissue in the uterus, as can be seen 
from Fig. 1, A to L, and Figs. 4 and 5. In most cases further mammary 
growth takes place (compare Fig. 1, U to W), and though the sections 
have not been examined carefully for mitoses, these have been noticed 
from time to time. 

2. The day-to-day weights of those animals for which the records are 
sufficiently complete have been plotted in Fig. 2, the two sets of curves 
referring to animals with and without placentae respectively. The animals 
undergoing abortion had lost 20% of their aggregate weight by the 18th 
day, while those retaining their placentae had lost only 3% by the same 
date. 

3. In aU but a single mouse (0) the symphysis pubis failed to open in 
the group losing placentae. The exception had retained placentae till the 
16th day, and its pubes were separated by less than 1 mm. at autopsy on 
the 19th day. Of the group retaining placentae till the 19th day, only 
two (B and L) showed a pubic separation of less than 2 mm., and in the 
case of L this was probably due to the small amount of placental tissue 
present. Mouse H is regarded as belonging to the "retained placentae’ 
group. 

4. In mice D, G, K, Y, and to a lesser extent X, the alveoli of the 
mammary glands were full of secretion and frequently distended, and the 
secretory cells were full of vacuoles. Although a little coagulum was 
present in the alveoli of all the glands, and vacuolated cells could nearly 
always be found, and although in some cases the alveoli were moderately 
full of secretion, the extensive vacuolation in the glands mentioned distin- 
guished them from the others and made them appear like the normal 
full-term glands of the intact animal. These findings will be dealt with 
m the discussion, but it is desirable to point out now that if mice D, G, 
K, X, and Y are omitted altogether from the series, the findings described 
under headings 1, 2, and 3 still hold good and comprise the evidence which 
the experiments were designed to obtain. The problems raised witli regard 
to lactation are, however, of some interest in themselves. 
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Fig. 2 

A 

A little conguhnn in alveoli. 

2*0 mm. 

S 

0 

12 

13 

19 




Occasional vacuoles in cells 









B 

As A 

1*0 mm. 

4 

0 

12 

12 

19 



C 

Congulum in alveoli 

2' 5 mm. 

7-10 

0 

12 

12 

18 

© 

— 0 

D 

Full secretion. Distension 

3-0 mm. 

7 

0 

12-13 

12 

19 

•- 

• 


of alveoli 









E 

Congulum ; a few vacuoles ; 

3-0 mm. 

7 

0 

12 

12 

19 

Cl 3 


occasional distension 









F 

Congulum ; occasional dis- 

4*0 mm. 

10 

0 

12-14 

12 

19 

a- 

.--H 


tension 









G 

Full secretion. Distension 

3-0 mm. 

7 

0 

12 

12 

19 



H 

Congulum ; a few vacuoles 

3*0 mm. 

(S) 

1 

12 

12 

19 



I 

A little congulum 

3*0 mm. 

5 

0 

12 

12 

19 



J 

Congulum 

4*5 mm. 

4 

0 

12 

12 

19 

□- 


K 

Full secretion. Moderate 

4*5 mm. 

4 

0 

12 

12 

19 

0**‘0 


distension 









L 

Congulum; a few vacuoles > 1-0 mm. 

1-2 

0 

12 

12 

19 

T — 

ivr 

No observation 

0 

— 

5 

12 

12 

19 



N 

Some congulum. Involution 

0 

— 

4 

12 

12 

19 

V* 

• •V 



(movable) 








0 

Involution <1*0 mm. 

— 

3 

12 

12 

19 

■ — ■ 

P 

Involution 

0 

— 

C 

12 

12 

19 

T — r 



(movable) 








Q 

Involution 

0 

— 

G 

12 

12 

19 

o* 

• •0 

R 

Involution 

0 

— 

5 

12 

12 

19 

• • 



(movable) 








S 

Involution 

No record 

— 

7 

12 

13 

19 



T 

Involution 

0 

— 

7 

12 

13 

19 



X 

Congulum; some vacuoles; 

4*5 mm. 

3-7 

0 

12 

12 

19 

X — 


alveoli uniformly enlarged ; 
not distended 









Y 

Full secretion ; moderate No record 

1-5 

0 

12 

12 

19 




uniform distension 


Partial records of five fiu*thor pregnant mice liypophysoctomizod after foetal destriic* 
tion on the 12tli day of pregnancy and killed on the 19 th day have boon sont by Miss Bock. 
In four mice the mammary glands rosomblo those of mice A, B, and C (Fig. 1), and tlioir 
average body-woight in ginminos on each of the days from 12th to ISth is 2G*5, 24, 23*5, 
23*5, 23*5, 24, 23. After the post-operative loss the weight is well maintained, and in spite 
of the absence of any recovery of weight the group of woight-curvos resembles the left-hand 
and not the riglit-hand sot of Fig. 2. In the remaining mouse, 5 out of the 7 placentae wore 
necrotic at autopsy, the mammary glands though not showing involution wore loss well 
developed, and an abrupt drop in weight of 3 g. took place on the 15th day. No information 
is available ns to whether the animals had previously boon pregnant; this eliminates the 
interpubic intervals, which wore present, from consideration. In one of the mice, mammary 
alveoli were distended with secretion. The available data substantiate our previous findings. 



71 


PLACENTAL ACTIVITY IN TEE MOUSE 
Discussion 

The principal findings require little discussion. The maintenance of 
body-weight and reabsorption of the symphysis pubis in the presence 
of retained placentae, phenomena previously shown to be dependent on 
the simultaneous presence of the ovaries [Newton and Lits, 1938], are 
found to be independent of the presence of the pituitary. Implicit in these 
findings is the suggestion that, since the ovaries are still able to play their 
part, at least part of the synergism between ovaries and placentae is a 
trophic effect of the latter on the former. This impression is confirmed 
by the fact that whereas oophorectomy resulted in abortion in 12 out of 
15 mice in the experiments of Newton and Lits, hypophysectomy gave 
rise to abortion in only six out of 20 mice of the present series. Ovarian 
function, therefore, is apparently preserved in spite of the absence of the 
pituitary. Klein, arguing from the state of the endometrium of the rabbit 
[1933] and of the vaginal epithelium of the rat [1935] during placental 
retention, is of the opinion that placentae preserve the function of the 
corpora lutea. Astwood and Greep [1938] have obtained a non-oestrogenic 
extract of rat placenta which will prolong the life of the corpus luteum. 
Dr. Ruth Deanesly (private communication) finds that degeneration of 
the corpora lutea in the ovaries of our animals which aborted their 
placentae is much more advanced than in those which retained their 
placentae, though our dates of operation and killing were not the most 
suitable for conclusive histological observations of this kind. 

The question naturally arises whether the claim of Hisaw [Fevold, 
Hisaw, and Meyer, 1930] to have obtained' a substance ‘relaxin’ from 
corpora lutea with a specific effect on the symphysis pubis would not 
repay further investigation. The fact established by Gardner [1936] that 
large doses of oestrone benzoate over a period of weeks gives rise to liga- 
mentous transformation of the symphysis can hardly be said to explain 
fully the normal rapid process which occurs in the few days preceding 
parturition. It is dangerous to assume that it is caused by an entirely 
different agency, but if it is due to oestrogen it would seem likely that 
the activity of the latter is catalysed in some way, and the evidence cited 
m the last paragraph is consistent with an agent of luteal origin. Other 
problems connected with pubic reabsorption are of great interest, but 
irrelevant to this discussion. It is, perhaps, important to note its special 
uature, Gardner and Pfeiffer [1938] having shovTi that when brought 
ubout by injections of oestrogen it is accompanied by actual deposition 
of new bone in the marrow carities of the long bones. That it is not 
entirely independent of the general constitution of the skeleton is sug- 
gested by our observation that the batch of mice yielding pubic ligaments 
nim. in length were cas 3 * to lnq)ophyscctomize on account of the 
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The five mice in which the secretory activity of the mammary glands 
was especially noteworthy present an interesting problem. It must be 
admitted at once that the comparative lack of secretion in such well- 
developed glands as A, B, and C (Figs. 1 and 5) lends itself readily to the 
theory that, while growth can be maintained by the placentae, pituitary 
secretion is necessary for lactation. The appearance of active secretion 
would then indicate incomplete hypophysectomy. Since we did not make 
serial sections of the heads of these mice through the pituitary region, we 
are clearly unable to deny this possibility categorically. In favour of it are 
the facts that the glands of the oophorectomized mice of Newton and Lits 
were secreting, and that mouse H of the present series, which dehvered 
its placentae a day before autopsy, was quiescent. In other words, in 
the former series presence of the pituitary is associated with mammary 
secretion, while in the majority of the present series secretion is not 
marked, and has not been stimulated in mouse H even by the act of 
delivery. 

We have nevertheless included the mice showing active mammary secre- 
tion for the following reasons ; First, any fragments of hypophysis remain- 
ing were certainly invisible at a magnification of 14 times, while the 
pituitary, in full view and appearing about 2 cm. in width, was seen to 


come out whole. The secretion of the mammary glands was, however, 
generalized, vigorous, and far from indicative of any deficiency in the 
mechanism causing it. Secondly, Selye, CoUip, and Thomson [1933 a and 6] 
describe in hypophysectomized pregnant rats and mice a transient lacta- 
tion at the time of parturition capable of keeping ahve a litter for about 
24 hours. We have confirmed this in mice, our experiments differing only in 
that the litters of three out of four mice were not completely stillbom. One 
had a live litter of one, in another one foetus was overlooked during foetal 
destruction and w^as bom alive ; to it were then added two ^’’oung bom of 
another mother the same day and Utter-mates were kept separated from 
both mother and foster-mother as controls. A third had 8 Uving 3 ’oung 
m a litter of 11. AU these young had milk in their stomachs after birth, 
aU looked healthy and vigorous, and all were dead in from 24 to 36 hours, 
he litter-mates of the young taken from a normal mother but kept alone 
kd in less than 12 hours, i.e. about 24 hours before those given to the 
^}T>ophj’sectomized mother. Thirdly, examination of the whole series of 
niammary glands shows that secretion, though not marked, is by no means 
^ ^c^t in the relatively quiescent members (Table I). All the glands 
appear capable of secretion, but those under discussion seem to have 
ed some special stimulus. It is tempting to suggest that lactation 
^omcides with parturition and that our routine killing on the 19th day 
sometimes anticipated natural delivery by a very short time. The findings 
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in mouse H are not, liowever, in accord with such a theory, and we can 
say little more tlian that the evidence suggests vcr}'^ strongly that a short 
lactation can occur from some unknown stimulus in the absence of the 
pituitary. Numerous strains of mice were used in the investigation, and 
strain difTcrenccs may have been significant. There are certainly good 
grounds for a rcinvestigation of the factors bearing on lactation. 

The point is discussed bj’ Nelson (1936) witli tlie citation of more evi- 
dence for and against a transient lactation in h 3 'poph 3 fsectomized rats, 
mice, and guinea-pigs, but with much the same conclusion. The criteria of 
‘lactation’ are sometimes open to criticism, and we ourselves have no 
evidence that the glands of mice D, G, K, X, and Y were capable of jdeld- 
ing actual milk to the exterior. There maj'^ be no relation between the 
histological appearance of the mammarj* glands A to L, X and Y, and the 
waj’’ in Avhich thej’^ would have acted after parturition had the litters been 
intact and the normal stimulus of suckling applied. 

SUiUJIABY 

The presence of placentae in the uterus of the pregnant mouse has been 
shoum to prevent loss of bodj^-weight and to determine reabsorption of 
the symphysis pubis. Previous investigation has shown these actions to 
be dependent on the simultaneous presence of the ovaries, but the present 
work shows that the pituitarj'^ is not necessar 3 ^ Hypophj'sectomj’’ does 
not precipitate abortion so readil}’’ as does oophorectomy. A sjuiergic 
relationship between placentae and ovaries, involving a tropliic effect of 
the former on the latter, is probable. 

The presence of placentae in the uterus also has a trophic influence on 
the mammary glands which is independent of ovaries and pituitary’’. Cer- 
tain problems relating to lactation are discussed. 

We wish to express our gratitude to Dr. W. Landauer of the Agricultural 
Experiment Station, Storrs, Connecticut, for faciUties and the generous 
loan of apparatus, and to Dr. Lorna Thigpen of the same place for sup- 
plementing our stock of timed pregnancies. 

The expenses of this investigation were defrayed in part by the Medical 
Research Council (Great Britain), to whom our best thanks are due. 
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METHODS OF EXTRACTING COMPOUNDS 
RELATED TO THE STEROID HORMONES 
FROM HUMAN URINE 

By N. H. callow, E. K. CALLOW, C, W. EMMENS, akd S. W. STROUD 

From the National Institute for Medical Bcsearch, and the Courtauld Instihite 
of Biochemistry, 3Iiddlcscx Hospital 

{Bcccived 20 March 1939) 

At the beginning of biochemical work on male hormones it was assumed 
that the androgenic material which could bo extracted from normal male 
urine Avas ‘the male hormone’, or ‘the testicular hormone’. On this supposi- 
tion, it AA'as hoped that the biological assay of urine extracts aa'ouM give an 
index of the activity of androgenic substances in the human bod}’’, possibly 
referable to the level of testicular secretion. It is for this reason that the 
separation of the maximal androgenie activity as measured by capon 
comb-groAvth has been taken as the criterion of a satisfactor}’’ extraction 
in the methods developed by s3’stematic Avork in various laboratories. It 
has since been reahzed, hoAvever, that androgenic activity is not specific 
to one substance, and that at least two related compounds AAdtli androgenic 
activity are present in the mixture of neutral compounds Avliich can be 
prepared from urine. Further, these tAvo compounds, androsterone and 
imns-dehydroandrosterone (id'’-androsten-3(/3)-ol-17-one), Avhich can be 
isolated from the urine of Avomen as well as from the urine of men [CaUov’ 
and Callow, 1938], have not been found in tissue, wliilst the only androgen 
isolated as yet from testis tissue, testosterone, has not been found in urine. 
This distinction betAveen hormones and excretory transformation pro- 
ducts [cf. the discussion by Callow, 1938] is confirmed by the discovery 
that testosterone is degraded in the human body to give androsterone and 
the stereoisomeric, inactive compound, aetiocholan-3(a)-ol-17-one [Callow, 
Callow, and Emmens, 1939], an observation Avhich is independently con- 
firmed, as regards androsterone, by Cook, Hamilton, and Dorfman [1939]. 
It must also be considered that ‘male’ hormone in the urine can be derived 
from the adrenal cortex, a suggestion first put forward by Simpson, de 
Fremery, and Macbeth [1936], and supported by the isolation of abnormal 
quantities of androgens and related steroids from the urine of pathological 
cases [CaUow, 1936a; Burrows, Cook, Roe, and Warren, 1937 ; Butler and 
Marrian, 1938 ; Crooke and' Callow, 1939]. While the compounds foimd in 
urine are, presumably, present in the circulation for a short time at least, 
the balance of probability is against their being the original hormones ; in 
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fact, tlie existence of androgenic activity in human urine extracts is an 
accident due to the lack of specificity of hormonal activity in relation to 
chemical structure, and the consequence that some transformation pro- 
ducts of the testicular and adrenal cortical hormones possess androgenic 
activity. In the case of transformation products from the testis secretion, 
this activity can be assumed to be less, by amoxmts varying in different 
compounds, than that of the parent substance ; on the other hand, some 
of the parent substances in the adrenal cortex may not themselves be 
androgenic. For these reasons the comb growth-promoting activity of 
urine extracts, which consist of a complex mixture of degradation pro- 
ducts, is not by any means a specific index of the production or utilization 
of androgens in the human body. 

A possible alternative method of investigating the excretory transforma- 
tion products of steroid hormones is provided by a colorimetric method of 
assay. The colours given by 17-ketosteroids in modifications of Zimmer- 
mann^s reaction are fairly characteristic and can be used for quantitative 
determination of this class of compounds. Wu and Chou [1937], who 
pointed out some of the considerations discussed above, first applied the 
reaction to a large series of urines. Its application to urine extracts is 
justified [Callow, Callow, and Emmens, 1938] by the close spectrographic 
similarity of the colours ^ven by neutral fractions of urine extracts and 
by pure compounds, and by the fact that IT^ketosteroids, namely, andro- 
stan“3(j3)-ol-17-one,4®“androsten-3(^)-ol-17-one, aetiocholan-3(a)-ol-17-one, 
and /l^'^-androstadien-17-one, have been isolated from urines as probable 
degradation products of the gonadal or adrenal cortical steroids. The 
additional circumstance that the comb growth-promoting activity of 
extracts, expressed in terms of the international standard, is roughly 
proportional to the content of 17-ketosteroid compounds, may, perhaps, 
be regarded as an indication that, on the whole, the mixture of degradation 
products varies but little in composition, although its amount may vaiy. 
Unfortunately, a chemical test with a greater degree of specificity has not 
yet been perfected, and, until this problem is solved, there will remain a 
fundamental difficulty in devising methods for obtaining an optimal 
extraction of material from urine, when its exact chemical nature m 


In spite of the series of assumptions -which must he made in attributing 
S'gniHcance to the results of colorimetric assay, the adrantap&q nf fln'o 
o„r the biological method ato very great rrith eaa!^f 

peration sensitivity, high reproducibUity, and low error. For this reason 
inp “ examining and comparing methods of extract-’ 

avc tr Capon 

5 have been employed, but are valued more as an indication, where 
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divergence between the two results is considerable, that factors have been 
at work to alter the usual compositions of the mixture in the extract. 

The inception of the work now described was a sequel to the publication 
by one of us of a method of ‘extraction of male hormone from urine for 
biological assay’ [Callow, 10306], A fuller systematic examination of 
variations in conditions of extraction, with this provisional method as a 
starting-poizit, and a comparison with others based on different principles, 
seemed to bo called for in the light of our ovm experience, and of the claims 
made for methods published from other laboratories [cf, particularly 
Gallagher, Koch, and Dorfman, 1935; Peterson, Gallagher, and Koch, 
1937; Dingemanse, Borchardt, and Laqueur, 1937; Dingemanse and 
Laqueur, 1938]. In addition it was hoped to obtain further light on the 
conditions for extraction of oestrogens from urine. TJiis work was under- 
taken as part of a scheme of investigation of methods of extraction and 
assay of substances Avith hormonal actudty from body fluids, under the 
auspices of the Hormones Committee of the hledical Besearch Council. 
The investigation cannot bo called exhaustive or even complete, but 
sufficient has been done to make it clear that the method originally pro- 
posed, Avhich differs only in detail from the method of the Chicago workers, 
is satisfactory, Avith minor modifleations ; whilst one other method, which 
follows closely that of the Amsterdam Avorkers, gives comparable results, 
and is advantageous when dealing AAdth small quantities of urine to be 
assayed colorimetricaUy for clinical diagnostic purposes. 

The first method has been applied to the examination of normal levels 
of urinary excretion by human subjects of 17-ketosteroids and, in a few 
instances, of androgenic material, and the results are briefly reported. 

Experimental 

General Methods 

Conditions of preservation, hydrolysis, and extraction of urines. The mines 
usedin this investigation were mixed collections of men’s mine, made either 
in the National Institute or the Courtauld Institute, or of women’s urine, 
made in the Middlesex Hospital Nurses Home. We AAdsh to express our 
thanks to Sister Jones for the considerable care and trouble taken m 
arranging this last collection. The urine, generally preserved with toluene, 
but occasionally Avith Brilliant Green, Avas stored in a cold room until 
required. The pH was 5-5-Q-5. No urine Avhich had been kept more than 
a day without preservative or which showed any signs of decomposition 
Avas employed except, of course, in the experiments dealing with the 
effects of storage. 

The method of extraction which served as a standard for comparison 
Avith other methods was the ‘proAusional routine method’ of Callow [19366], 
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which was modified in the course of investigation only by providing for 
a more complete extraction of the phenolic fraction. The modified method 
with a shorter period of hydrolysis is described in detail at the end of this 
experimental section. Experiments were carried out to determine the 
duration of extraction with benzene necessary in the continuous extraction 
apparatus employed under the usual conditions of operation, and to 
determine the. amount of oestrogenic material removed from the benzene 
solution by shaking with successive lots of sodium hydroxide solution. No 
detailed description of these is necessary. The variation in the weight of 
neutral material and amount of 17-ketosteroid extracted by the routine 
method was found to be small. A batch of 10 1. of women’s mine was 
divided into four lots of 2-5 1. each. The weights of the neutral fractions 
of the four extracts were: 98, 92, 104, and 99 mg., and the contents of 
17-ketosteroid per htre (see below) were, respectively, 12-1, 13-0, 12-9, 
and 13*0 mg. 

The quality of certain of the materials used was as follows : Concen- 
trated hydrochloric acid, 33% w/w (B.P. 1932) ; benzene ,‘crystallizable’ ; 
absolute alcohol, a commercial grade, purified from aldehydes (see below) ; 
carbon tetrachloride, ^technicar. 


Colorimetric assay of 17 -Tcelosieroids i^sierones'). The method previously 
described [Callow, Callow, and E mmens, 1938] has been used without 
modification. The only difficulty which has been encountered is that due 
to variation in the purity of the absolute alcohol. If, however, commercial 
'absolute’ alcohol is treated with 4 g. per litre of 7W-phenylenediamine 
hydrochloride, allowed to stand m the dark for a week, with occasional 
shaking, and then distilled, rejecting the head and tail fractions [Rowe and 
Phelps, 1924], the product is a satisfactory medium for the reaction. It 
has been emphasized before that determinations of the absorption of the 
reaction-mixture in the green (approximate wave-length 5200 A) must be 
accompanied by a measurement in the violet, and that, unless the ratio 
is reasonably low (not exceeding 0*8 with Ilford ‘Spectrum’ filters), it 
must be assumed that the relative amount of interfering substances present 
is higli in proportion to 17-keto-compo\mds. Little or no quantitative 
significance can be attached to figures for the content of '17-ketosteroid’ 
ralculated in cases with a high value of and they have been enclosed 

m square brackets in the data which follow. 


_ Biological assay of androgens. The potency of extracts is determined by 
intramuscular injection of solutions in arachis oil into Brown Leghorn 
capons, or, rarely, by inunction on to their combs. The oU solutions are 
hdn! ^ concentration that a suitable quantity of the material 

cing assayed is administered in daily injections of 0-1 ml GenerpIlT- 
eroups of 5 birds are employed. Comb growth is measured by the addend 
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inci'cascs in Icngtli nntl height that occur ns the result of injections, and is 
compared •\vitli that resulting from the injection of nndrostcrono into a 
control group of birds at the same time. Details of the methods and the 
standard curves used arc given bj' Emmens [1030]. TJie androgenic potency 
of extracts is expressed ns the equivalent in international units of the 
nndrosterone standard per litre of urine. Tlic accuracy of a determination 
varies ■with the age of the birds used and the amount of comb growth 
stimulated ; the limits of error or P = 0-95) are usunllj’-, however, 

■within 00-140%. The effect of augmenting substances is fortunately small 
in these tests, and more definite significance may perhaps be attached to 
these biologically determined results than to those dealing ■ndth oestrogenic 
activity. 

Biological assays of oestrogens. Determinations of oestrogenic actmty 
have been carried out with ovariectomized mice. A uniform technique has 
been used, with two injections of 0*1 ml. of oil solution of the extract, one 
on each of twm consecutive days, and the talcing of three smears, one on 
the 3rd da}’^ and tw'o on the 4th da}’^ after the first injection. Oestrogenic 
activity is expressed ns the equivalent in international units of the oestrone 
standard per litre of urine. An approximate figure is obtained by injecting 
a series of different doses of the extract to be assn3'^ed, using one mouse per 
dose. In some cases this estimate, which is correct Avithin about 40-250%, is 
sufficient^ accurate for our purpose. More accurate estimates are obtained 
by comparing the responses of groups of 10 or 20 mice simultaneous^ 
injected with the extract and AAuth international standard oestrone, at least 
20 mice being used for the injections of the standard. TJie range of error 
(d^2A,„ or P = 0*95), Avhich is dependent on the number of animals used, 
is then rarely greater than 70-145%, and is usually less than this. In the 
great majority of cases, the figures given here are based on two assays of 
the material, each Avith groups of 10 mice. A fuU description of this method 
is given by Emmens [1939], together with a discussion of the significance 
of such assays. 

Determinations of oestrogenic potency in terms of a standard are greatty 
affected both by the particular assay method used and by the presence 
in the extracts of augmenting substances which are themselves Avithout 
oestrogenic actmty. Some of the differences betAA'^een the estimated 
activities of members of the present series of extracts may therefore he 
due to the presence of varying amounts of augmenting substances, and, 
in many cases, both the estimates themselves and the ratios betAveen them 
would almost certainly have been different had another assay technique 
been employed. The figures reeorded here have, therefore, no absolute 
value, and are comparable only among themselves. Even the validity of 
this comparison is questionable, for the oestrogenic component is probabl}’’ 
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SI mixture, and, obviously, extracts of apparently equal oestrogenic potency 
□btained by different methods might be of very different composition. 


GondiiioTis of Hydrolysis of Urine by Acid under Varying Conditions. 
Since Adler [1934] demonstrated convincingly that the androgenic sub- 
stances in urine, like the oestrogenic substances, occur in the form of conju- 
gated, water-soluble compounds, fi:om which they required to be liberated 
by heating with mineral acid before extraction with fat solvents, this pro- 
cess of hydrolysis forms part of all the recognized methods of extraction. 
Factors which may be varied are the amount and nature of the acid, and 
the time and temperature of heating. The effect of these is considered in 
the following sections. 

1. Amount of acid. A collection ofurine from normal women was divided 
into a number of equal portions, some of which were brought to pH 1 by 
the addition of 20 ml. of concentrated hydrochloric acid per litre, whibt 
40 ml. of acid per litre were added to the others. They were then boiled 
under reflux for periods varying from J hour to 16 hours, and extracted 
vnih. benzene in a continuous extraction apparatus. The experiment with 
1 hour’s boiling with 40 ml. of acid per litre was carried out in duplicate, 
and in addition, one lot was extracted without boiling. The neutral 
fraction from the benzene extract was examined colorimetrically. The 
values for mg. of 17-ketosteroid per litre, given in Table I, show that for 
all periods of boiling the greater yield is obtained with the higher concen- 
tration of acid. 


Table I, Effect of concentration of acid on liberation of 17-hetosteroids from 
normal women’s urine on boiling 


Time of boiling 

Ckmtent of 15-ketoBteroids ims.}!,') 

(hr.) 

20 ml./l. HCl 

40 ml, A. HCl 

0 

— 

m 

0-5 

26 

5-7 

1 

3*4 

6-3, 6 5 

2 

[2*4] 

6-2 

4 

3*4 

5*6 

IG 

3*6 

4*2 


. . Preliminary experiments had indicated that a further small increase 

acid does not increase the yield of androgens, and as the 
Icf hydrochloric acid was to be feared 

and T n Dunnenbaum, Hanisch, and Kudszus, 1935 ; Dingemanse 

40 ml amount of hydrochloric acid was standardized at 

PrclimL^ r varjdng other factors was investigated. 

substitution of sulphuric acid 
1 one aci IS not advantageous, and no further trials were made. 
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2. Time of boiling. The experiment described above indicated tliat the 
yield of 17-kolostoroids readied a maximum witli 1 hour’s boiling and 
then slowly decreased. ’J’Jiis effect required confirmation, particularly in 
view of the work of Petenson, Gallagher, and Koch [1937], who found that 
the best time of hydrol 3 *sis was 15 minutes for nonnal male urine treated 
with 100 ml. hydrochloric acid per litre. Por this reason the effect of time 
of boiling was investigated with several batches of urine from normal men 
and women. Biological assays of androgens with capons and of oestrogens 
with mice were carried out in addition to the colorimetric assays. The 
values obtained for urine of men are given in Table II, and those for urine 
from women in Table III. These arc jircsented graphicall}’’ in Figs. 1 and 
2 respective!}’’, with the exception of the oestrogen values, which are shown 
together in Fig. 3. 

Table II. Effect of time of boiling u-ifh 40 ml. of HCl per litre on liberation 
of 17-kelostcroids, androgens, and oestrogens from the urine of normal men 



Time (hr.) 

17-kofORtcroids 

Androgens 

Oestrogens 



mg./I. 

I.U./l. 

I.U./l. 

Batch I 

0 

[2] 

ca, 4 

<4 


0-25 

8’5 

62 

7 


0*5 

8-2 

79 

13 


1 

9*0 

74 

27 


o 

8*8 

Cl 

21 


4 

8-3 

40 

16 


8 

7-4 

40 

27 


16 

9-9 

45 

27 

Batch II 

0 

[3*1] 

<1 

<5 


0*25 

101 

23 

20 


0-6 

12*5 

50 

22 


1 

11-2 

36 

24 


2 

8-6 

28 

33 


16 

8-C 

25 

21 


The neutral fractions from the two series of h 3 ’drol 3 ’ses of men’s urine give 
concordant results, showing maxima of comb growth-promoting activit}’ 
at 0-6 hour, with a corresponding maximum in the colorimetric value in 
1 case ; the divergence in the other case is probably to be ascribed to experi- 
mental error. On the other hand, the three series of h 3 '^di'ol 3 '^ses of women’s 
urine show some irregularity, but the general tendency is for the colori- 
metric value, after having risen rapidl}’’ after 0-25 hour’s boiling, to 
continue to increase slowly. The androgen values are rather discordant. It 
is evident that the results may vary from one batch of urine to another 
owing to the operation of some unrecognized factor, but there does seem 
to be a significant difference in the t 3 ’pe of curve given b}'^ urines from the 
two sexes in these experiments. A possible explanation would be that 
men’s urine differs from women’s urine in that it contains a ketonic 



i8rV 



Fio. 1. Liberation of IT-ketosteroids ( — •— ) 
and androgens (- - -o- - -) from men’s 'urine after 
boiling for different periods •with hydrochloric acid 
(40 ml./l.). 



Fia, 2* Liberation of 17*keto^,U.'roi4.? (— ♦— ) 

and androgens ( — -o ) fromrromenV rjrrr.o ftfv— 

boiling for different periods with hy firry i 
(40ml./l0. 
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nndrogcn wliich is unstable when boiled with acid. Under the conditions 
of collection the women’s urine consisted chiefly of morning specimens, 
whilst the men’s urine was jmssed during working hours, but this circum- 
stance docs not suggest any grounds for the difference. Other factors 
which might plaj’ a part arc the greater liability of collections of women’s 
xmne to microbial infection and possible minor differences in technique. 

Table III. Effect of time of boiling with 40 ml. of HCl per litre on. liberation 
of 17-l;ctosteroids, androgens, and ocslrogcns from the nrinc of normal women 



Time (hr.) 

I7-kolos(oroida 

nig./l. 

Androgens 

LU./l. 

0 estrogens 
I.U./l. 

Bntch I 

0 

[0-3J 

ca. 2-5 

02 


0-25 

7-2 

25-5 

97 


0-5 

8*7 

20 

108 


1 

11*0 

19 

121 


2 

0-8 

38 

145 


IG 

9-5 

‘iO 

ICO 

Batch II 

0-25 

100 

28 

52 


0-5 

10-3 

32 

78 


1 

11-5 

31 

C5 


2 

12-4 

27 

85 

Batch III 

0-25 

8-1 

28 

. — 


0*5 

90 

42 

— 


1 

9-7 

38 

— 


o 

10-4 

42 

— 


4 

IM 

45 

— 


since the women’s urine was worked up in one laboratory and the men’s 
urine in the other. Peterson, Gallagher, and Koch [1937] record consider- 
able variation in the level, but not in the type, of the time of hydrolysis 
curve for men’s mine, but their only observation on normal women s 
urine was a comparison of a 0'26-liour hydrolysis of the mine of one woman 
with 2-hour hydrolyses of the mine of three others, which, when the hkeh- 
hood of individual variation is taken into account, gives no useful infor- 
mation. 

The rather limited data for the oestrogenic activity of the phenolic 
fractions indicate an increase in the amount of oestrogenic material 
liberated with increased time of boiling, with a maximum probably 
occurring after 16 hours. There is a clear difference between the values 
of the oestrogenic activity in the material liberated from women’s and 
from men’s urine, the best yields from the former being of the order of 
160 I.U. per litre and from the latter about 30-40 I.U. per htre. This 
proportion is roughly the same with various times of hydrolysis of the 
two Idnds of urine. Considering that the yield of androgens from these 
bulk collections is somewhat lower for women than for men, this is m 
general agreement with the results of Gallagher, Peterson, Dorfman, 
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:enyoii, and Kocli [1937], find a marked and consistent difference 
1 the ratio of androgens to oestrogens excreted by the two sexes, ^ Their 
^/Es’ ratio, where ‘An’ designates international androgenic nnits per 
ay, and ‘Es’ designates oestrogenic activity as pg. of oestrone per day, 
i of the order of 7 for men and 2 for women. The differences in the two 
atios are even more markedly in the same direction in our own results, 



Fig. 3. Liberation of oestrogens from urine of 
men ( ■ # ■) and women ( — ® — •) after boiling for 
difierent periods with hydrochloric acid (40 ml./l.). 


but in view of the variatiou fi:oni one collection to another, and the 
uncertain significance of the figures for oestrogen content, it does not 
Bcem profitable to calculate the ratios, with the implication that they 
frprcsent standard figures. 

3. Effects of higher temperature. In view of the more efficient liberation 
of oestrogens from pregnancy urine when acid hydrolysis was carried out 
in an autoclave at a pressure of 15 Ib./sq. in. (121° C.) observed by Coben 
nnd Marrian [1934, 1935], experiments were carried out with both men’s 
t ^ ^'^nicn s urine. Portions of urine from the same batches used for the 
loiling experiments (Batch II, Table 11, and Batch I, Table HI) were 
e vith 40 ml. of hydrochloric acid per litre and heated in an auto- 
c a\ e at 20 Ib./sq. in. (120° C.) for periods var 3 dng from 0-5 to 4 hours. The 
^sults arc shown in Table IV. 
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Table IV. Effect of time, of nvloclaving at 126° C. with 40 ml. of II Cl per 
hire on liberation of ]7-1:etoslcroi(ls, androgens, and ocslrogcns from the 
mine of normal women {Batch la) or normal men {Batch Ila) 



Timo (hr.) 

17-kolo.n(oroidH 

Androgonn 

Oestrogens 



nig./I. 

I.U./l. 

I.U./l. 

Bntcli la 

0-5 

00 

40 

120 


I 

8-3 

28 

ICO 


1-75 

0*2 

47 

MO 


4 

0-5 

10 

13G 

Batch Ila 

0-5 

0*7 

21 

34 


1 

n-3 

30 

31 


0 

01 

20 

41 


4 

01 

30 

29 


An additional experiment with men’s urine autoclaved at 16-18lb,/sq.in. 
for 0-25 hour gave a product with 3-3 mg./l. of 17-kctosteroids as com- 
pared with a control, boiled for 1 hour, which gave 8*7 mg./l. Comparison of 
the figures in the tables shows that the maximum 300^3 of 17-ketosteroids 
from autoclaved urine arc below those from boiled urine. The figmes 
for androgens are irregular, and no significant difference is obvious. As 
regards oestrogens, it seems that autocla\dng is advantageous, as it is with 
the urine of pregnant Avomen, a period of 1 or 2 hours giving maximtmi 
yields. Probably this is the best general method for liberating oestrogens 
from either men’s or Avomen’s urine. 

The Effects of Ptitrefaction. 

Marrian [1933], and Cohen and IMarrian [1934] observed that alloAving 
urine of pregnancy to putrefy aa^s a inore effective method of liberating 
oestrogens than hydrolysis by acid for 1 hoAir at 100° C., and Patterson 
[1937] based a routine method of chemical diagnosis of pregnanc3’’ on 
liberation of oestriol by incubation of urine Avith Bact. coU. For this and 
other reasons connected with the possible effects of putrefaction on 
steroids in urine, a series of preliminary experiments Avas made. 

The 3rield of oestrogenic material from normal men’s urine extracted b}”^ 
Patterson’s method, or by a modification in wliich the inoculum included 
Micrococcus ^ireae, was, respective^, rather loAA'er than, or about the same 
as, that obtained by the routine acid hydrolysis. This may be taken as an 
indication that the oestrogen of male urine includes material resembling 
oestriol as well as oestrone [cf. Dingemanse, Laqueur, and Muhlbock, 
1938]. The matter was not, hoAvever, investigated further. 

Several experiments were carried out on the effect of allowing urine to 
putrefy at room temperature before acidif3ung to pH 1, adding a further 
20 ml. of hydrochloric acid per litre, boiling, and extracting by the 
routine method. The yield of oestrogens obtained in this way Avas equal to 
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the best obtained by any other method. Thus, a specimen of normal 
women’s urine, kept for 7 days without preservative, yielded an extract 
with 161 1.U. of oestrogenic activity per litre, as compared with 169 I.U. 
per Ktre obtained from fresh urine of the same batch by autoclaving for 
1 hour, or 160 I.U. per litre by boiling for 16 hours. Analogous results were 
obtained with specimens of men’s urine. On the other hand, the effect of 
putrefactive decomposition on the values found for 17-ketosteroids by 
colorimetric assay, and for androgens by capon assay in the material 
extractable after acid hydrolysis, to which our attention was chiefly 
directed, was irregular but generally adverse. A preliminary investigation 
of the chemical changes taking place during putrefaction showed that 
rotted urines, in contrast to fresh urine, always contained comparatively 
large amounts of 17-ketosteroids and androgens in the material which 
could be extracted directly by ether or benzene without acid hydrolysis. 
The subsequent further yield of 17-ketosteroids and androgens obtained 
by acid hydrolysis of the extracted urine was low. This effect was con- 
cordant with the assumption that the ketones are liberated from their 
water-soluble combinations by bacterial action, as is the case with oestriol. 
Whether further chemical change occurs is not known, but it would seem 
very likely, in view of the work on oxidation or reduction of steroids 
by micro-organisms [see, for example, Schramm and Mamoli, 1938 ; Mamoli 
and Vercellone, 1938; Ercoli, 1939]. The data obtained in this series of 
preliminary experiments are set out in Table V. 

One test was made of the effect of preliminary extraction of normal 


men’s urine by ether or benzene on the subsequent yield of 17-ketosteroids 
and androgens after hydrolysis with acid. The figures obtained, given at 
the end of Table V, indicate that no 17-ketosteroid is removed by extrac- 
tion before hydrolysis. The androgen content is not significantly lowered 
by ether extraction, and the apparent rise after benzene extraction is most 
readily explained by error in the biological assay. 

Although previous mild putrefaction does not greatly affect the colorimetric 


assay of the neutral portion of an extract of acid-hydrolysed urine which 
bas had no preliminary extraction, gross differences outside the limits of 
normal variation of different samples sometimes occur. It is, therefore 
a matter of practical importance to know how urine samples intended for 
mgnostic assay should be preserved. Also, in the course of the work being 
earned out at the National Institute for iMedical Research on the isolation 
chIm steroids from particular types of urine, it has been 

essential that no decomposition should have taken place, so 

nctual v?i compounds obtained are 

ti.e uie r" conjugated fonn. A reaction of 

unne more alkaline than pH 7 is the first indication of possible 
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Table V. Effects of 2 >nlrcfaclio)i on the c.vlrac(ablc IT-hclostcroids, androgens, 

and oestrogens of normal mine 


Material and treat men t 

17-kotos toroids 

Androgens 

Oestrogens 


mg./l. 

I.U./L 

T.U./l. 

Womon’B urine. Stored 7 days at room teinpera- 
turo. Boiled 1 hr. d- acid. 

Women’s urine; same batch. Fresli. Boiled I 

10*3 

19 

161 

hr.+ncid. (Cf. Table III.) 

110 

19 

121 

iron’s urine. Stored 1 3 days at room temperature. 
Boiled 1 I)r.d*acid. 

Men’s urine; same batch. Fresh. Boiled 1 hr.+ 

S-0 

12 

30 

acid. 

II-G 

31 

26 

Men’s urine. Stored 3 months at 0® C., tlien 3 




months at room tomperaturo. Boiled 1 hr.d- 
ncid. 


25 

11 

Men’s urine; same batch. Fresh, Boiled 1 hr.d' 




acid. 

— 

49 

9 

l^Ien’s urine. Stored 7 days at room tomperaturo. 
Boiled 1 lir.-bacid. 

IMon’s urine ; same batch. Fresh. Boiled 1 hr. + 

91 

23 

35 

acid. 

11-2 

36 

22 

Mon’surino. Stored lOdaysat room temperature. 

7-7 

85 

— 

Evaporated to J bulk. Extracted with otlier. 


(ketonic 


Ether extract. 


fraction) 


Bomaindor boiled 1 lir.-facid. Benzene extract. 
Men’s urine; same batch. Fresh. Evaporated to 

[F2] 

<1 


^ bulk. Extracted with other. Ether extract. 

[0.4] 

<2 

— 

Bemaindor boiled 1 hr. -f acid. 

6-2 

23 

— 

Men’s urine. Fresh. Evaporated to J bulk. Ex- 




tracted with other. Ether extract. 

1.4 

1*4 

— 

Bemaindor boiled 1 hr. + acid. 

10-3 

27 

— . 

JVIon’s urine. Stored 14 da^'^s at room temperature. 




Extracted with other. Ether extract. 

[ 4 . 4 ] 

6 

— 

Bemaindor boiled 1 hr. + acid. 

[4*3] 

11 

— • 

Women’s urine. Stored at room temperature until 




putrid. Extracted with other. Ether extract. 

4.7 

22 

— 

Bemaindor boiled 1 hr. -p acid. 

[3*8] 

15 

— 

Women’s urine. Kept at 37° C. for 9C hrs. Ex- 




tracted with ether. Ether extract. 

[6*0] 

11 

— 

Bemainder boiled 1 hr. acid. 

Women’s urine; same batch. Fresh. Boiled 1 

[4-9] 

12 


hr. -{-acid. 

8*6 

17 

— 

Men’s urine. Brought to pH land extracted with 




ether. Ether extract. 

0 

01 

— 

Bemaindor boiled 1 hr. -f- acid. 

Men’s urine ; same batch. Brought to pH 1 and 

12*8 

34 


extracted with benzene. Benzene extract. 

[0-9] 

0-4 

- — 

Bemaindor boiled 1 hr. -{-acid. 

Men’s urine ; same batcli. Hydrolysed with acid 

11*0 

63 


directly. 

11*8 

44 

■" — ■ 
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decomposition. In the light of the data given above, the existence of free 
17-ketosteroids extractable without hydrolysis also leads to suspicion that 
decomposition has occurred. Contrary to Broster, Allen, Vines, Patterson, 
Greenwood, Marrian, and Butler [1938] and Butler and Marxian [1938], 
we have not found appreciable quantities of free 17-ketosteroids or andro- 
gens in any fresh urine except in cases where the content of combined 
steroids was very large indeed. 

The process of putrefaction is uncontrollable and uncertain, and, 
unfortunately, the preliminary experiments we have carried out with 
different preservatives gave somewhat equivocal results. It is clear that 
a preservative must be added in order to stop bacterial action, but that in 
any event the sample must be worked up as fresh as possible. Phenolic 
preservatives, e.g. 'tricresor or thymol are a nuisance in the fractionation 
of the extract. Brilliant Green (1% of a 10% aqueous solution) has been 
used, but interferes with colorimetric determination of the pH, and gives 
rise to highly-coloured extracts. Toluene (1%) is generally used, and seems 
satisfactory, provided that it does not come into contact with rubber or 
‘composition’ stoppers. Neither of the last two preservatives stops putre- 
faction for long, and there is reason to suspect that enzymic decomposition 
occurs in their presence without any change in the acidity of the urine 
being apparent. Dingemanse [1932] observed unexplained increases in 
the content of extractable oestrogen in men’s urine after storage, even 
when sterile. We have made similar observations. 

Other Methods of Extraction. 

Brief mention may be made of trials with certain methods of extraction 
of urine proposed primarily for tHe extraction of oestrogens. The first is 
that of Smith and Smith [1935], which is a variant of the general acid- 
hydrolysis and benzene extraction method. Normal women’s urine was 
boiled for 15 minutes with 150 ml. of hydrochloric acid per htre and then 
extracted. As the oestrogen assay described by Smith and Smith [1935] 
IS carried out on an unfractionated extract, the opportunity was taken to 
examine the content of 17-ketosteroids, androgens, and oestrogens in the 
whole extract, and of the separated phenolic and neutral fractions. The 
values obtained are shovTi in Table VI, compared with values for urine 
from the same batch extracted by the routine method. 

^ Tlic figures demonstrate the existence in the total extract before frac- 
tionation of much ketonic material which produces general absorption in 
the colour reaction for 17-ketosteroids, and also of material augmenting tlie 
oestrogenic activity of the phenolic fraction [Emmens, 1939], more in the 
Smith-Smith extract than in the control. As the \icld of 17-ketosteroids 
"cs slightly higher and that of androgens and oestrogens apparently 
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significantly higher in the neutral and phenolic fractions respectively of 
the hatch extracted by the routine method, no furtlicr investigation was 
done. 

Table VI. Comparison of the 17-kelosleroids, androgens, and ocslrogcns in 
different fractions obtained with much acid and short hydrolysis, or with 
little acid and long hydrolysis 


Troatmont 

Fraction 

17-lcotostoroids 

Androgens 

Oestrogc 

150 ml. HCl/lT^ Boiled 15 min. 


mg./l. 

I.U./l. 

I.U,/1. 

Total 

[23-3] 

18 

150 


Neutral 

100 

29 

<1*5 


Plionolio 

— 

— 

76 

Control: 40 ml. HCl/1. Boiled 1 hr. 

Total 

[21-G] 

49 

110 

Neutral 

11-8 

40 

<1-5 

50 ml. HoSO^/l. Boiled 15 min. 

Plionolic 

[1-3] 

— 

90 

BU 3 O extraction. 

— 

10-8 

30 

62 

Control: 40 ml. HCl/1. Boiled 1 hr. 

— 

14-5 

49 

44 


In the course of this work we were informed, through the courtesy of 
Dr. Erwin Schwenk, of work being done by Drs. D. R. ]\IcCullagh and 
T. R. McLin on the use of dibutyl ether as an extracting agent for andro- 
gens and oestrogens. Their early method consisted of a combined hydrolj’"- 
sis and extraction in which the mine, brought to pH 1 with sulphuric acid, 
was stirred at 60° C. for periods of 30 minutes udth three successive portions 
of dibutyl ether. In our hands this process gave a jdeld of material which 
was negligible compared Avith a routine extraction (cf. Table VII). The 
method published by McCuUagh and McLin [1938] consisted of hj^di’olysis 
of the urine by boiling for 15 minutes after adding 50 ml. of concentrated 
sulphuric acid per htre, and extracting by agitation Avith two successive 
lots of 200 ml. of dibutyl ether per litre. This method Avas much more 
promising (cf. Table VI), but not better than the control except in respect 
of extraction of oestrogens. A preliminary experiment showed that the 
dibutyl ether available commercially required to be purified before use, 
since it contained impurities Avhich gave a strong general absorption Avith 
the colour-reagent for 17-ketosteroids. 

The method of hydrolysing urine with acid in the presence of a fat 
solvent, with the idea of removing the liberated material from the destruc- 
tive influence of the acid, seems to have been first used by Siebke [1930] 
and Eunk and Harrow [1930]. Kemp and Pedersen-Bjergaard [1933] 
employed this method, and more recently Borchardt, Dingemanse, and 
Laqueur [1934] published an improved version of the method in Avhich an 
adequate amount of acid was used ; the method was applied to the extrac- 
tion of androgens [Dingemanse, Borchardt, and Laqueur, 1937], and the 
superiority of their technique Avas supported by later studies [Dingemanse 
and Laqueur, 1938]. 
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Dr. K. Pedersen-Bjergaard kindly informed us, during this work, of 
the details of his current method, in which carbon tetrachloride was used 
as the extracting solvent instead of benzene. The use of carbon tetra- 
chloride has the practical advantage that the mixtme can be boiled on a 
water-bath, and the lower-boiling liquid forms the bottom layer, and there 


Table VII. Liberation of 17-ketosteroids, androgens, and oestrogens from 
urine by simvltaneoxis acid hydrolysis and extraction. 


Slaterial and treatment 

17-ketosteroids 

Androgens 

Oestrogens 


mg./l. 

I.TI./l. 

I.U./l. 

Women’s urine. pH 1. Extracted at 50° C. v^ith 
3X85 ml. BujO/l. 

[1*7] 

Trace 

ca. 24 

Control: Women’s urine; same batch. 40 ml. 
HCl./l. Boiled 1 hr., then extracted (benzene). 

11-4 

29 

57 

Men’s urine. Acid to Congo Bed. Boiled -[-ben- 
zene; 3x2 hrs. 

[3] 

9 

ca. 6 

Men’s urine; same batch, pH 1. Boiled -fCCl,; 
3x2 hrs. 

3-9 

13 

ca. 6 

Control: Men’s urine; same batch. 40 ml. HCl/1. 
Boiled 1 hr,, then extracted (benzene). 

IPO 

23 

19 

Women’s urine. 20 ml. HCl/1. Boiled -fCCli; 
4x2 hrs. 

6*5 

16 

37 

The same. 40 ml. HCl/1. 

8*1 

17 

43 

»> „ 100 ml. „ 

11-6 

23 

62 

M „ 140 ml. „ 

11*4 

27 

73 

Control: Women’s urine; same batch. 40 ml. 
HCl/1. Boiled 1 hr., then extracted (benzene). 

Men’s urine. 120 ml. HCl/1. Boiled -[-CCl^; 
4x2 hrs. 

11*0 

32 

86 

let extract. 

7*7 

35 

ca. 16 

2nd „ 

2*7 

4 



3rd „ 

11] 

0-6 

— 

4lh „ 

[0-6] 

ca. 015 



Total. 

11*0 

40 


The same. Combined extracts. 

11*8 

35 

15 

Control: Men’s urine; same batch. 40ml. HCl/1. 
then extracted (benzene). 

11*3 

23 

27 


IS no danger of bumping or of fire. Dr. Dingemanse and her co-workers, 
as an alternative to benzene, used trichloroeth 3 dene, but carbon tetra- 
chloride has the advantage of being a saturated, stable substance available 
m fairty pure form. We have studied the influence of the concentration 
of acid, and also of the number of times successive lots of extracting liquid 
arc used, on the ^ield of 17-ketosteroids, androgens, and oestrogens. Our 
results are entirch" concordant with those of Dingemanse cl aL [1937]. 

The first trials, made with men’s urine, showed that when the urine was 
made acid to Congo Red with In’dro chloric acid, and boiled under reflux 
" it h three successive lots of benzene for periods of 2 hours, poor fields were 
obtained. Slighth* better results were obtained with carbon tetrachloride 
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nnd ncidification to pH 1 , but tlic yields were still well below those from the 
routine method of acid hydrol 3 \sis and subsequent benzene extraction, 
as is obvious from the data in Table VII. In another experiment, 



Fig. 4. Liboration of 174cotostoroids ( — • — ), 

nndrogons ( O — nnd oostrogons ( — ® — ) 

from women’s urino in presence of carbon tetra- 
chloride nnd varying amounts of concentrated 
hydrochloric acid. 

a batch of normal women’s urine Avas divided into five lots : one of these 
was hydrolysed and extraeted bj’^ the routine method, the other four were 
treated with hydrochloric acid in the proportions of 20 ml. per litre (giving 
pH = 1) and 40, 100, and 140 ml. per litre, and boiled for 2-hour periods 
with four successive lots of carbon tetrachloride. The values obtained are 
shown in Table VII and in the diagram (Fig. 4), and demonstrate clearlj’’ 
the advantage of using a large proportion of acid. The yields from the 
control extraction and the carbon tetrachloride extraction with the highest 
proportion of acid do not differ significantly. In a further experiment, 
using men’s urine, with 120 ml. of hydrochloric acid per litre, comparison 
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was made with a control routine hydrolysis and extraction, and the 
quantities of 17-ketosteroid, androgen, and oestrogen in the four successive 
carbon tetrachloride extracts were measured. The values obtained are in 
Table VII. As some 99 % of the 17-ketosteroids and androgens are contained 
in the first three extracts, a fourth extraction is unnecessary. It is seen 
that the carbon tetrachloride process actually has an apparent advantage 
over the routine process in respect of 17-ketosteroid and androgen extrac- 
tion, though not in oestrogen extraction. This has been confirmed as 
regards 17-ketosteroids by further experience in comparing the two 
methods with pathological urines. 

Proposed Standard Roviine Methods of Extraction of Urine 
As the result of this exploration of the effect of variations in the method 
of hydrolysis and extraction, it was concluded that a satisfactory extraction 
of 17-ketosteroids and androgenic material could be carried out either by 
a modification of our own provisional routine method or by a modification 
of the method of Dingemanse et al. In the former case the only important 
change is the reduction in the time of hydrolysis to ^ hour instead of 1 hour, 
and in the latter the use of carbon tetrachloride as solvent. It is hoped 
that the following detailed account of these methods will be useful. Our 
view that the problem of estimation of urinary oestrogens is in an unsatis- 
factory state has already been discussed, and it follows that no optimal 
method of extraction can yet be laid down. The extraction of oestrogens 
by the following methods is admittedly incomplete, but it is probable that 
useful comparative data can be obtained, provided that only large differ- 
ences are considered to be significant. 

Methodic Separate hydrolysis and extraction. {Modification of the ‘ routine* 
method [Callow, 1936b].) 

Sydrolysis and extraction. The proportion of concentrated hydrochloric 
acid (33% vrjw) required to bring the urine to pH 1 is first deter- 
mined with a 100 ml. portion; with a normal, fresh urine at pH 6-6*5, 
about 20 ml. per litre is necessary. Slethyl violet is used as indicator, the 
colour produced b 3 ^ the urine mixed with an equal volume of the indicator 
solution being compared with that produced b 3 ^ decinormal h 3 "drochloric 
acid (the ‘Capillator’ technique is convenient). 

The urine is placed in a flask fitted ^vith a ground-in reflux condenser 
find a tube from the top of the condenser leading to an arrangement for 
absorbing fumes in alkali, and is then brought to the boil before the acid 
IS added, and, if toluene is present, the steam is sucked off b 3 - a side-tube 
below the condenser until no more oih" drops distil over. Concentrated 
lA'drochloric acid is then added through the condenser in amount sufficient 
to bring the urine to pH 1, plus 20 ml. per litre in excess. After boiling 
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for lionr, the iirino is then cooled, Irnnsfcrred to n continuous extraction 
apparatus and extracted with benzene (‘crj'stallizable’) for 12-24 hours, 
aceording to tlie efiiciency of tlie extractor Tlie benzene extract is tlion 
treated as described in the second part of jMcthod II (below). 

Method II . Combined hi/droli/sis and extraction. (Modification of the 7 ncthod 
of Dingemansc, Borchardt, and Laqnciir [1937]). 

Hydrolysis and. extraction. TJic urine is placed in a flask fitted with 
a ground-in reflux condenser, and eoncentrated hydrochloric acid 33% 
M’/w) is added in the proportion of IfiO ml. per litre, and carbon tetra- 
chloride in the proportion of 125 ml. per litre. The mixture is boiled on 
the water-bath for 2 hours, and then, as soon ns it has cooled suflicientlj', 
the lower la 3 'er of carbon tetrachloride is sucked out through a tube leading 
to a collecting flask attached to a filter-pump. The carbon tetrachloride is 
transferred to a separating funnel and an}-- urine washed back into the flask. 
The extraction is repeated in the same M'tiy, for 2-hour periods, twice more. 
The carbon tetrachloride is distilled off from the united extracts, and the 
residue is taken up in benzene in the proportion of 100 ml. per litre of 
original urine. 

Fractionation. The benzene solution is freed from acid b}’’ washing 
twice with 25 ml. portions of saturated sodium bicarbonate solution, freed 
from phenols b}’’ extracting 5 times with 20 ml. portions of 2N sodium 
Jiydroxide, and washed with water. These quantities of sodium bicarbo- 
nate and hj’^di’oxide solutions are suitable for 1 litre of urine. For larger 
quantities the amounts are increased proportionate!}’-. Should phenolic 
preservatives have been used, the extraction vdth sodium hydroxide must 
be repeated after acidification of a portion of the extract produces no 
cloudiness. The benzene solution is evaporated to dryness and the residue 
is extracted 4 or 5 times with 5-10 ml. portions of redistilled ether. The 
ethereal extracts are filtered through a Jena No. 2 sintered-glass filter, and 
the filtrate is evaporated on the water-bath in a small, weighed flask in a 
stream of nitrogen until no more readily volatile material remains. The 
residue is taken up in aldehyde-free, absolute alcohol, generally at a concen- 
tration of the equivalent of 0-1 litre of urine per ml. or 0-1 day’s output of 
urine per ml. This solution is suitable for colorimetric assay in the case of 
most urines. The amount required for biological assay may bo measured out 
and evaporated to dr 5 ’ness, sufficient arachis oil is added from a s}T.’inge to 
the residue to make the volume up to the desired total, and the mixture is 
heated and stirred until all the oil-soluble material has dissolved. 

The phenolic fraction is worked up as follows for assay of oestrogens : 
First the sodium bicarbonate extract (acid fraction) is back-extracted twice 
with 20 ml. lots of ether and the ether used for extraction of the phenolic 
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fraction (below). The combined sodium hydroxide extracts (main phenolic 
fraction) and water washings are acidified to litmus by the addition of con- 
centrated hydrochloric acid, and then extracted with 3 lots of 30-50 ml. of 
ether. The ether is washed twice with 20 ml. lots of water, dried over 
sodium sulphate, and evaporated to dryness in a small, weighed flask. The 
residue is taken up in alcohol at a convenient concentration, say the equiva- 
lent of 0‘1 litre per ml. or 0*1 day’s output per ml. For biological assay 
appropriate quantities of this solution are measured out and evaporated 
to dryness in a stream of nitrogen, and sufficient arachis oil is added to the 
residue from a syringe to make up to the required volume, and the mixture 
is heated and stirred until all the oil-soluble material has dissolved. If 
phenolic preservatives have been used in the urine, it is necessary to steam- 
distil the final residue and then extract it with ether ; the extract is then 
washed, dried, and evaporated in the usual way. 

Extraction of ll-keiosteroids and Androgens from the Urine of Individual 
Patients. 

In view of the experience with bulk collections, it is clear that when 
urines of individual patients are to be examined, either for purposes of 
diagnostic assay or for the isolation of characteristic constituents, condi- 
tions of preservation must be carefully attended to, and the urine must be 
hydrolysed as soon as possible. Further, although it will be a commonplace 
to those dealing with urine for other purposes, the necessity of obtaining 
complete 24-hour specimens and of calculating results on a 24-hour basis 
must be emphasized. We have dealt with urines from patients with outputs 
ranging from 0*3 to 4*5 1. per day. Moreover, in common with other consti- 
tuents, the 17-ketosteroids are present in higher concentration in the morn- 
ing urine than in that passed during the rest of the day. An investigation 
of one woman patient showed that over a period of 6 days the average total 
excretion per day of 17-ketosteroid was 5*7 mg. and of this 2-5 mg. was 
excreted in 420 ml. of morning urine and 3-2 mg. was excreted in 1,100 ml. 
of urine during the rest of the day. 

^In agreement with other w’orkers [Gallagher, Peterson, Dorfman, 
Kenyon, and Koch, 1937] we have found that there is considerable varia- 
tion in 17-ketosteroid and androgen excretion between one individual and 
another, and that the values for one individual may vary considerablj’ from 
one period to another. With the object of determining standards of nor- 
mality', we examined the 17-ketosteroid excretion, and in some cases the 
androgen excretion, of a series of men and women ^vith no obvious sexual 
dysfunction in the Courtauld Ward of the Jliddlescx Hospital. We have 
to thank Dr. J. D. Robertson for arranging these collections. The figures 
obtained arc given in Table VIH. 
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The variation of values of 17-lvCtostoroid excretion is very large in both 
sexes, the range for separate samples from men being 3-5-1 5-0, whilst for 
those from women it is 1 -7-12-0 mg./day. From an inspection of the 
figures in Table VIII, it is clear that the samples from one individual give, 
on tljo whole, values which are closer together than values for random 


Table VIII. 17-1cctoslcroid and androgen, excretion of patients with normal 

sexual fnnetion 



Length 

17-koto3 toroid oxcrotion 



of periods 

(mg./day) and nndrogon 

Avorago 


of each 

oxcrotion, in parentheses 

17-kotostoroid 

Sox, ngo, 

coUccri'on 

(I.U./day) in succossivo 

oxcrotion 

nntl disofwo 

Days 

periods 

ng./day 

M,, 40, thjTo toxicosis 

0 

10*4 (59), 9*7, 12*0 

10*7 

M., 24, psoriasis 

0 

12*3 (53), 12*0, 13*8 

13*1 


C 

14-3 


M., 21, hnomntomosis 

G 

13*0 (58), 12*5, 14*3, 15*0, 12*9 

13*6 

]\r., 40, psoriasis 

G 

6*7, G*0 

6*4 

]^L, 30, psoriasis 

0 

9*3, 7-7 

8*6 

M., 38, thyrotoxicosis 

0 

G*4 (>44) 

6*4 

M., CO, haomatomosis 

G 

6*G (28), 7*0, 8*8 

7*5 


C 

8*4 

8*4 

M., 38, molaona 

G 

3*5 (G*5), 8*3. 10*8, 12*3 (17). 9*8, 8*6 

8*9 

M., 37, molaona 

G 

8*2, 8*8, 7*9 

7*7 

M., 30, haomatomosis 

6 

G*2, 6*9, 10*0 



3 

9*0, 9*1, 7*2, 10*6 

8*4 

F., 28, psoriasis 

G 

7*2 (4C), 7*9 

7*6 

F., 34, psoriasis 

6 

IM (34), 9*2, 8*4 

9*9 

F., 21, obesity 

G 

11*4 (31). 8*3 

9*9 

F., 21, psoriasis 

6 

10*0, 9*8, 9*9 

9*9 

F,, 24, obesity 

7 

4*0 (25) 

4*0 

F., 32, thyrotoxicosis 

G 

5*0, 2*4 (CO. 2), 1*7 

3*0 

F., 35, psoriasis 

7 

6*9 (CO. 7), 6*9 

6*9 

F., 20, thyrotoxicosis 

7 

6*9, 4*5, 2*9 

4*8 

F,, 38, thyrotoxicosis 

7 

3*0 

3*0 

F., 67, achalasia of cardia 

3 

6*0, 3*6, 3*2, 6*0, 4*0 

4*2 

F., 23, duodenal ulcer 

3 

12*6 (20), 9*4 

11*0 


samples from different individuals. In calculating mean values for men 
and for women, it is therefore best to determine a mean for each group 
from the average figures for each individual, thus avoiding the giving of 
undue weight to the readings from any one individual. The mean figure 
for men is 9-05 mg. per day of 17-ketosteroid, with o-= 2-416 for the 
average figures; that for women is 6-75 mg. per day of 17-ketosteroid, 
with a — 3-268. Fisher’s ‘V test shows that the difference between these 
means camjot be regarded as statistically significant, as f is equal to 1-921, 
giving P'^O‘05, for 20 degrees of freedom. 

SUMMABY 

The possible origin and significance of the presence in urine of andro- 
genic material and of 17-ketosteroid compoimds related to the androgens is 
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discussed. Although, as yet, products derived from the gonadal or adrenal 
cortical secretions cannot be distinguished by specific tests, a case can be 
made out for using biological assay or, preferably, colorimetric assay as 
an index of the amount of these products as a whole. 

As a result of a systematic survey of the effect of varying, within certain 
limits, conditions of hydrolysis of human urine, two methods of extraction 
have been adopted which appear to give optimal yields of the 17-keto- 
steroid compounds. The first method, that of successive hydrolysis and 
extraction, is suitable for large-scale work, whilst the second method, 
that of hydrolysis in presence of an extracting solvent, following the 
Amsterdam method, is convenient for diagnostic assays. 

Biological assay of oestrogenic activity is an unsatisfactory method of 
examining the mixture, consisting of oestrogens and material augmenting 
their activity, obtainable from urine. The conditions for extraction of 
oestrogens have, therefore, only been considered incidentally. It has, 
however, been found that, even with admittedly incomplete extraction, 
extracts from normal women’s urine have much greater oestrogenic 
activity pei:,litre of original urine than those from men’s urine. 

Conditions applying to the collection of urine from human subjects are 
considered, and some preliminary results are given of the examination of 
individual variation in levels of 17-ketosteroid excretion by adults of both 
sexes. In the subjects examined, the limits of variation for the two sexes 
overlapped, and, although men gave higher average values than women, 
the difference was not statistically significant. 
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Intboductiok 


The present investigation originated in a scheme of work on the thera- 
peutic value of androgens in prostatic hypertrophy, undertaken under 
the auspices of the Therapeutic Trials Committee of the Medical Research 
Council. In co-operation with Dr. A, W. Greenwood of the Institute of 
Animal Genetics, and Dr. J. M. Robson of the Pharmacological Labora- 
tory, University of Edinburgh, the androgen and oestrogen excretion of 
elderly men was investigated before, during, and after treatment with 
androgens, and a summary accoxmt of this work was given by one of us in 
a lecture [R. K. Callow, 1938], Technical difficulties allowed the prepara- 
tion of satisfactory extracts from only a few patients, and in these the 
changes in androgen or oestrogen excretion with moderate doses of andro- 
gen (up to 40 mg, of testosterone propionate per week by injection) were 
not statistically significant. Buhler [1933] and Kochakian [1937] reported 
small increases in the androgenic activity of the urine after administration 
to men of urine concentrates or of androstenedione, but the differences 
were small and their results are, in addition, subject to the criticism that 
the methods of extraction they employed were inefficient ; thus Kochakian 
estimates the normal 'male hormone’ excretion of young men at about 


one-quarter of the value now accepted by ourselves or other workers in 
the field [cf. Dingemanse, Borchardt, and Laqueur, 1937; Gallagher, 
Peterson, Dorfman, Kenyon, and Koch, 1937]. McCuUagh, McCuUagh, 
and Hicken [1933] administered a urine concentrate to a eunuch and 


reported the presence of androgenic activity in extracts of his urine in 
the days immediately following, whereas none had been detectable before. 

The preliminary conclusion from the investigations in this laboratory was 
that there is almost complete destruction of administered androgens in 
the human body, as measured by the index of androgenic activity of urine 
extracts. Subsequent investigations, novr described in detail, '(vHch were 
earned out with the generous co-operation of several clinicians, showed 
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tliat, wiili a sufiicicntlj’’ iiigli level of administration of testosterone pro- 
pionate, the urinary excretion of steroid compounds tindcrwcnt marked 
changes ■which could be recognized in extracts, cither bj’ biological assay 
of the comb growth-j)romoting activity or by colorimetric assay [Callow, 
Callow, and Emmons, 1038], In the meantime, Dorfman and Hamilton 
[1039] liave reported a study of the urinarj' excretion of androgenic 
material after intramuscular and oral administration of testosterone pro- 
pionate to 2 men showing symptoms of deficient testicular secretion. They 
made the interesting observation that oral admijiistration of liigh doses 
led to a high level of excretion of androgenic activity in the urine, but 
with poor clinieal cficct in comparison with ^th to 1th the dose admini- 
stered intramuscularly, which was accompanied by a comparatively lower 
androgenic activitj"^ of the urine extracts. These results were followed by 
an investigation of the nature of the active compound in the urine, and 
the isolation of androsterone was reported [Cook, Hamilton, and Dorfman, 
1939] at the same time as our own preliminary communication [Callow, 
Callow, and Emmens, 1939]. Our own observations, given in detail in the 
experimental part of this paper, are confirmatory of and supplementary 
to those of Professor Cook and the American Avorkers. We have studied 
a series of 6 male patients, of whom 2 Avere cases of mild prostatic enlarge- 
ment, 1 Avas a case of acromcgal}^ and 3 Avere eunuchs. Extracts of the 
urine have been examined during administration of testosterone pro- 
pionate b}'" intramuscular injection, or, in one case, by implantation of 
a tablet of the solid material under the skin, and during control periods. 
The comb groAvth-promoting activity, the content of 1 7-ketosteroids and 
the oestrogenic activity of these extracts liaA'^e been measmed, and, finally, 
it Avas possible in one case (the acromegalic. Case 3 below) to isolate 
androsterone and aetiocholan-3(a)-ol-17-one in such large amount that 
there is little doubt that these compounds are direct degradation products 
of testosterone. The details of this isolation are described elseAAdiere [N. H. 
CalloAv, 1939]. 


Subjects and Experimental IMethods 

Case Histories. 

Case 1. A man, aged 58, shoAA’ing symptoms attributed to prostatic enlarge- 
ment. The patient, under the care of Dr. Raymond Greene, AA'as gh’^en a series 
of injections of testosterone propionate, 200 mg. per AA^eek for the first 3 Aveeks, 
100 mg. per Aveek for the next 5 weeks. Urine was collected for periods of 1 
Aveek before treatment began, during the treatment at a level of 100 mg. per 
Aveek, and after conclusion of treatment. 

Case 2. A man, aged 71, shoAving symptoms attributed to prostatic enlarge- 
ment. The patient, under the care of Dr. Raymond Greene, Avas given a series 
of injections of testosterone propionate amounting to 50 mg. per AA^eek. Urine 



STEROID EXCRETION AFTER TESTOSTERONE 101 


was collected for periods of 1 week, before treatment began, and in tbe 4tb week 
of treatment. 

Case 3. A man, aged 29, suffering from acromegaly. A detailed case report 
is given by Schrire and Sharpey-S chafer [1938] under the heading Case 3. 
HA.W.’ No symptoms of adrenal dysfunction were observed. In the course of 
investigations of the effects of hormone treatment on the urinary creatine and 
creatinine output, the patient ws injected with 10 mg. of oestradiol benzoate 
daily for 10 days. After a further 18 days, a trial injection of testosterone 
propionate was given, and after 4 days 100 mg. of testosterone propionate were 
injected daily for 8 days. Urine was collected during the last 7 days of this 
treatment, and again, 10 days after the cessation of treatment, for a period of 
4 days. 

Case 4. A man, aged 45, completely castrated some 10 years ago on account 
of tuberculosis. He was completely impotent, with atrophied penis. The patient 
was under the care of Dr. S. Levy Simpson. A complete collection of urine was 
made over a period of 6 days. Three weeks later, when the patient was receiving 
50 mg. of testosterone propionate per day by intramuscular injection, urine was 
collected over a 4-day period, and, a month later, over a period of 4 days, on 
the first and last of which 50 mg. of testosterone propionate had been injected. 

Case 5, A man, aged 19, who had had one testis removed when he was 13, 
and the other when he was 14, i.e. just before or during the early days of puberty. 
He had an infantile penis and secondary sexual characteristics were absent. The 
patient was admitted to St. Bartholomew’s Hospital under Dr. A. W. Spence. 
A complete collection of urine was made over a period of 3 days. Then a collec- 
tion was made over a period of 6 days, on the 1st and 4th of which the patient 
had received injections of 50 mg. of testosterone propionate. Injections were 
discontinued and a tablet of testosterone propionate was implanted in the 
patient. Urine w^as collected for a 6 -day period, beginning 9 days after the end 
of the previous collection. 

Case 6, A post-puberal eunuch, aged 38, castrated as the result of a war wound 
at the age of 19, and now showing negligible evidence of sexual function. A full 
record of the case has been published by Dr. G. L. Foss [1937, 1938, 1939], who 
treating the patient. After a series of injections of testosterone propionate 
amounting to a total of 940 mg. over a period of 3 months, and after an interval 
of 11 days, the patient received injections of 20 mg. and 50 mg. on 2 successive 
days. A complete collection of the urine w^as made in the 3 days immediately 
following this, and again, over tw^o 3-day periods 2 months later, after the 
patient had had a rest from treatment for about 5 weeks. A further collection 
was made over a 5-day period 2 months later. The patient had received injec- 
tions of 50 mg. of testosterone propionate and 0-05 mg. of oestradiol benzoate 
on the day before collection began and received injections on the 2nd and 4th 
ays of 20 mg. and 40 mg. of testosterone propionate and 0-05 mg. of oestradiol 


CoUedion and preservation of mine. All urine was collected over com- 
P etc periods of 24 hours ; it was immediately transferred to storage vessels 

rSant7° of toluene or of a 10o/„ aqueous solution 

iinlhant Green and kept m a cool place until it could be sent to the 


I, 
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laborator}', wlicro it wns worked up witliout delay. All of the samples for 
whieh data arc given had pH G-G-5 and showed no evidence of putre- 
factive changes. 

Extraction. Urines were hydrolyzed by boiling for 1 hour after the addi- 
tion of 40 ml. of HCl per litre. The product was extracted vdth benzene 
and the extract, after removal of acids, divided into phenolic and neutral 
fractions, of which the former was assayed for oestrogenic activity and 
the latter for 17-ketosteroids and androgenic activity. Tlie method of 
extraction and fractionation was that described by Callow [193G] for 
urines from cases 1 and 2, and the modification of this method described 
by Callow, Callow, Emmens, and Stroud [1939] for the remainder. One 
sample each from cases 4 and G was extracted with benzene before hydro- 
tysis in order to examine the free steroid compounds, and then the 
extracted urine Avas hydrol 3 'zed and again extracted to jdeld the steroid 
compounds originally present in Avatcr-soluble, combined form. 

Colorimetric assay of 17-ketosteroids. This Avas carried out by the modi- 
fied Zimmermann reaction as described bj'^ CalloAV, CalloAV, and Emmens 
[1938]. The colour produced in this reaction AAdth 17-ketones^the steroid 
group of compounds (the 17-ketosteroids) has a characteristic absorption 
band in the green, and, subject to the condition that no large amounts 
of interfering substances are present, the absorption of fight in this region 
of the spectrum, measimed on a Hilger ‘Spelcker Photoelectric Absorptio- 
meter’ Avith an Ilford ‘Spectrum Green’ filter, is taken as a measinre of the 
17-ketosteroids present in the neutral fraction of urine extracts. The 
values obtained are expressed in terms of mg. of 17-ketosteroids per daj’^’s 
output of urine, calculated by reference to a calibration curve obtained 
by measurements Anth pure androsterone, and indicate the amount present 
of a mixtmre of steroid compounds which may include androsterone, 
aetiocholan-3(a)-ol-17-one, id®-androsten-3(/3)-ol-17-one (fra^w-dehj’^dro- 
androsterone), and other similar compounds. 

Biological assay. Androgens are determined by intramuscular injection 
of arachis oil solutions of the neutral fractions of the extracts into capons, 
or, rarely, by inunction on to their combs. Groups of 6 birds are employed, 
and the increase in comb size (length -{-height) is compared Avith that 
occurring in a control group receiving androsterone at the same time : the 
final estimate is determined by reference to standard curves. The values 
obtained are expressed in terms of international umts of androgenic 
activity per day’s output of urine. 

The oestrogenic activity of the phenolic fractions of urine extracts are 
determined by the injection of arachis oil solutions into ovariectomized 
mice and examination of vaginal smears. A preliminary estimate is made 
by the injection of graded doses into a series of single mice, and the final 
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determination on a group of 10 or 20 mice, comparison being made with 
a group receiving pme oestrone. The values obtained are expressed in 
terms of international units of oestrogenic activity (oestrone standard) 
per day’s output of urine. For reasons which have been discussed else- 
where [Callow, Callow, Emmens, and Stroud, 1939], these figures have only 
a comparative significance, since the method of extraction used is not the 
most efficient possible, and, moreover, the evaluation of the activity of 
crude extracts in terms of oestrone depends upon the exact technique of 
assay. 

A full description of the methods of assay and a consideration of the 
errors involved has been published by one of us [Emmens, 1939]. 

RESUIiTS 

The values determined for the daily excretion of 17-ketosteroids, andro- 
gens, and oestrogens by the different subjects, when under treatment and 
during control periods, are set out in Table I, which is self-explanatory. 

Discussion 

The rise in androgenic activity of extracts of the urines of these patients 
during intramuscular administration of testosterone propionate is in 
general agreement with the results of Dorfman and Hamilton [1939]. The 
rise in oestrogen excretion confirms observations by Steinach, K\m, and 
Peczenik [1936] on rats, and by Steinach and Kun [1937] on men, when 
androgens are administered. The nature of this excess oestrogen is in- 
dicated by the circumstance that it passes into the phenolic fraction of 
the urine extracts, but there are no other clues to its composition, and it 
seems unlikely that it is present in sufficient quantity to be readily 
isolated. There is no evidence whether this oestrogenic material is a direct 
degradation product of testosterone, or is secreted by some endocrine 
organ as a result of stimulation by the testosterone. Since the effect is 
observed in eunuchs, the testis is not responsible, but the adrenal cortex 
be. Laroche, Simonnet, and Bompard [1939] did not observe any 
increase in the urinary excretion of oestrogen by ovariectomized women 
lecenung testosterone propionate, but their paper lacks detail, and it is 
difficult to judge how sensitive their methods were, and whether the 
gonadectomized female organism is, in fact, different from the gonadecto- 
niized male organism in this respect. The failure of Kochakian [1938] to 
ind any oestrogens in the urine of dogs receiving androgens by injection 
suggests a species difference in steroid metabolism. 

In cases 1 and 2 the androgen excretion during testosterone adminis- 
thVr” approximatelj' the level for normal men from about J of 

ns figure. The oestrogen excretion shoved an approximately ten-fold 
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Table I 


Urino oxAminntion 




Period of 

17-kotostoroid8; 

Androgens: 

Ocstrogons 

Cnso no. and 


Colorimetric 

Capon assay 

I.U./day 


collection 

assay 

I.U./day 

description 

Treatment 

Days 

mg./day 


1. Prostatio 

None 

7 


16 

ca. 4 

enlarge- 

100 mg. T.P. per week 

7 

— 

54 

44 

inont 

After trentnicnt Jind 

7 



30 

22 


ceased 





2. Prostatic 

None 

7 


17 

<3 

enlargo- 

60 mg. T.P. per week 

7 

— 

4G 

ca. 24 

mont 

(4th week) 





3. Acro- 

100 mg. T.P. per day 

1 

31-5 

110 

130 

megaly 

tf 

1 

33-8 

— 

— 


tt 

1 

41-8 

— 

— 


ff 

1 

42*0 

105 

1300 


»9 

1 

28-0 

— 

— 


II 

1 

40-C 

— 

— 


>1 

1 

45'7 

1G3 

274 


None: 10-13 days later 

1 

0-1 

12 

25 


ft 

1 

10-G 

ca, S 

— 


II 

1 

11-7 

— 

29 


II 

1 

7-2 

— 

— 

4. Eunuch 

Nono 

G 

3'1 

10 

<1-5 


60 mg. T.P. per day 

4 

11*6 

SI 

38 


60 mg. T.P. Ist and 

4 

[2j (free) 

0*4 (free) 

1 (free) 


4th days 


10*8 (com- 

34 (com- 

30 (com- 




bined) 

bined) 

bined) 

5. Eunuch 

Nono 

3 

10-9 

18 

12*5 


60 mg. T.P. 1st and 

6 

13*4 

50 

16 


4th days 

Implanted tablet of 

6 

9-8 

25 

16 


T.P, 





6. Eunuch 

20 mg. and 60 mg. 

3 

[2] (free) 

<2 (free) 

< 4 (free) 


T.P. on 2 previous 


30*7 (com- 

17C (com- 

65 (com- 


days 


bined) 

bined) 

bined) 


Nono 

3 

8*4 

21 

8 



3‘6 

7-2 

15 

6 


Beginning the day 

6 

15 

45 

75 


previous to first col- 






lection, on alternate 
days, 60, 20, 40, and 
40 mg. T.P. and 
0*05 mg. oostradiol 
bonzoato 

T.P. = Testosterone propionate. 

[ ] = Nominal figures of atypical colour reactions. 
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increase. In case 3, during testosterone administration, the excretion of 
17-hetosteroids was about 4 times, and the androgenic activity of the 
extracts roughly 12 times, that during the subsequent control period. The 
values for oestrogen excretion, as far as they have been determined, show 
increases of from 5 to 50 times. The figure for the 4th day of collection is 
surprisingly high. Even if the figure on the 1st day of collection were 
assumed to be affected by the course of treatment with oestradiol ben- 
zoate ending 24 days before, which is not very probable, testosterone 
propionate administration is still able to increase it considerably. The 
fact that the patient was suffering from acromegaly, and that this malady 
is often accompanied by disturbance of adrenal cortical function, must be 
considered in this case. The low ratio of androgenic activity to 17- 
ketosteroid content of the urine extracts may possibly be connected with 
this, but it is, to say the least, unnecessary to assume that in this case 
alone the large changes observed were the result of a mechanism in- 
volving an abnormal function of the adrenal cortex for which there is 
little or no evidence. The three eunuchs, cases 4, 5, and 6, were receiving 
lower doses, and the rises in the urinary products, with intramuscular 
injection, although less spectacular, are quite definite. 

In case 6, receiving at one period 0*05 mg. of oestradiol benzoate on 
alternate days, it appears that only a small proportion of the activity of 
administered oestradiol is recoverable in the urine. This is in accordance 


with the results of other investigators [blazer and Israel, 1937 ; Kemp and 
Pedersen-Bjergaard, 1937], though no work can be said to have been done 
on human subjects with thoroughly efi&cient methods of extraction. 

The suggestion that examination of the excretory transformation pro- 
ducts might give some indication of the efficiency with which administered 


androgens were utilized cannot be sustained after the report by Dorfman 
and Hamilton [1939] of the low therapeutic effect but high androgen 
excretion following oral administration of testosterone propionate. It is of 
mterost, in this connexion, to compare the low levels of androgen and 17- 
ketosteroid excretion in case 4, when administration of testosterone was by 
an implanted tablet, with the higher levels observed with intramuscular in- 
jection, and it is quite in accordance with expectation that efficient utiliza- 
tion should occur w*hen tlie hormone is supplied at a constant moderate 
level to the organism, wiiilst an intermittently excessive supply should lead 
to rapid destruction and excretion of the transformation products, without 
more marked hormonal effects [Dcanesly and Parkes, 1937j. 

Ar very high levels of androgen excretion without administration of 
liormoncs have been found only in cases of hyperplasia or tumour of the 
mlrcnnl cortex, as women normally excrete nearly as much androgenic 
material as men, and as castrates of both sexes have been found to excrete 
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ninounts of androgenic nintcrinl whicli may approach normal levels, there 
was some gi-ound for the supposition that tlic adrenal cortex might be 
responsible for most, or even for the whole, of the androgens in the urine. 
The primary object of tlie present investigation was to obtain some elue 
to the part of the urinaiy excretion of androgens or of 1 7-IvCtosteroids 
which could be regarded as derived from the testis. The result has been 
to show that testosterone, the compound regarded as the characteristic 
secretion of the testis, docs in fact yield androgens and 17-]vctostcroids as 
excretory transformation j^roducts. TJic chemical examination of the 
extracts from the urine of case 3 [N. H. Callow, 1939] shows that they 
contain an excess, compared with extracts from normal men’s urine, of 
androsterone and its stercoisomeridc actiocholan-3(a)-ol-17-one, but that 
fmw5-deh3’^droandrostcronc, a urinaiy androgen occurring in large quanti- 
ties in urine from adrenal tumour cases [R. K. Callow, 193G b ; Croolce and 
Callow, 1939] is not present in recognizably increased amount. The con- 
clusion is that one course of the degradation of testosterone in the human 
organism can be represented b}-^ the scheme ; 

CH3 CH3 CH3 



Tostostorono Androstorono Aotiocliolnn-3(a)-ol-17-ono 

The reduction of the 3-keto-group to a 3(a)-hydroxyl group and of the 
4; 6-ethylenic linkage to give both of the possible configurations at position 
6 is exactly similar to the process of reduction undergone b}'' progesterone 
[Hartmann and Locher, 1935]. The oxidation of the 17-lydrox3d group 
may be the result of an enz 3 nnic mechanism specific to this group. 

Unfortunate^, neither androsterone nor aetiocholan-3(a)-ol-17-one can 
3 '^et be regarded as degradation products characteristic of endogenous 
testosterone. Androsterone is found in the urine of normal women 
[Callow and Callow, 1938], and aetiocholan-3(a)-ol-17-one has been iso- 
lated from the urine of a case of adrenal hyperplasia in a woman [Butler 
and Marrian, 1938]. In either case it would be bold to speculate on the 
possibility that testosterone is the parent substance. 

Summary 

The administration of testosterone propionate to male or castrated male 
human subjects b 3 ’' injection in amounts of 50 mg. per week and upv’ards 
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results in an increased urinary excretion of IT-ketosteroids, and of andro- 
genic and oestrogenic material. 

Our most grateful thanks are due to the clinicians, Dr. G. L. Doss, 
Dr. Raymond Greene, Dr. E. P. Sharpey-Schafer, Dr. S. Levy Simpson, 
and Dr. A, W. Spence, who placed the urine from their patients at our 
disposal and took so much trouble in arranging for its collection, and have 
allowed us to quote from the case histories. 
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THE INFLUENCE OF THE SUBCUTANEOUS 
IMPLANTATION OF TABLETS OF SOLID 
INSULIN ON THE BLOOD SUGAR LEVEL 
OF THE RABBIT 

By A. S. PAllKES and F. G. YOUNG 

From the National hist itulc for Medical Research, London, iV.lF. 3 
{Received -1 April 1939) 

The iirolongation of the action of subcutaneously administered insulin has 
obvious advantages in clinical practice, and the introduction of long- 
acting ‘protainin-insulin’ [Hagedorn, Jensen, Krarup, and Wodstrup, 

1936] and ‘zinc iirotamine-insulin ’ [Scott and Fisher, 1937] has been of 
great value in the treatment of diabetes mellitus. 

Experiments with the sex liormones have shown that when many of these 
substances arc administered in the form of a tablet of solid material 
inserted under the sldn, their physiological effectiveness is greatlj’- in- 
creased, and their duration of action prolonged [Deanesl}'^ and Parkes, 

1937] , The possibility that the subcutaneous administration of insulin in 
the form of tablets of solid material might result in an increased and 
prolonged action therefore seemed worthy of investigation. 

Methods 

Animals. Rabbits weighing 1 •5-2-0 kg, were used in all the experiments 
recorded in this paper. They received an ample diet of cabbage, oats, 
and hay. 

Insidin. Commercial crj’^stalline insulin containing 0-9% of zinc was 
kindly suppbed b}'^ Dr. J. W, Trevan of The Wellcome Physiological 
Research Laboratory, Langley Court, Beckenham. A highly purified 
amorphous preparation of insulin, purified b}’^ repeated isoelectric preci- 
pitation and containing less than 0-02% of zinc was kindly provided by 
Dr. T, F. Dixon of Messrs. B. D. H., Ltd, Both of these preparations 
assayed approximately 20 units/mg. 

Solid material from protamine-insulin suspension was prepared by 
mixing the contents of the two vials supplied as ‘Insulin Retard’ by 
Nordisk Insulinlaboratorium, Copenhagen, and centrifuging off the sus- 
pended material. The precipitate was suspended in absolute alcohol and 
again spun off. This process was repeated a number of times to remove 
the last traces of water, and the final precipitate freed from excess alcohol 
in a vacuum desiccator. Solid material from ‘protamine-insulin with 
zinc’ (Burroughs Wellcome, Ltd.) was prepared in a similar manner. 
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Tublcls were made from undiluted powdered insulin, in a tablet-maliing 
machine kindly loaned by Messrs. B. D. H., Ltd. Each tablet weighed 
about 5 mg. 

In many experiments no precautions were taken to ensure the sterihty 
of the tablets. In some instances, however, it was considered advisable to 
use sterile tablets. It was found that sterilization could be effected by 
heating in a dry stat^ to 100° G. fox 1 hour on each of three successive 
days. Bacteriological tests showed that complete sterihty had been 
induced by this process. By analogy with the results of experiments on 
the dry heating of the urinary gonadotrophic substance [cf. Askew and 
Parkes, 1933] one might expect that the physiological activity of insulin 
would not he lost after such treatment. The results shown graphically 


i 


in Fig. 1 hear this out for crystalline insulin, although there is a decided 
drop in activity after heat sterilization. The results with heat sterilized 
low-zinc insulin were variable. In two experiments no hypoglycaemic 
response was observed when the equivalent of 2 imits of heat sterilized 
material was injected into a fasting rabbit. With a 3rd batch of material 
apparently treated in the same way, the equivalent of 2 units exerted a 
definite, though diminished hypoglycaemic action in the rabbit (Fig. 1). 
Material from the two batches showing no activity in a dose equivalent 
to 2 imits bad not lost activity entirely, as shown by the substantial 
hypoglycaemic action exerted by larger doses. The subcutaneous ad- 
ministration of a solution containing the equivalent of 100 units of 
heat-sterilized insulin (crystalline or low-zinc) to non-fasting rabbits was 
followed by a hypoglycaemic response which differed insignificantly from 
that foUowiag the injection of a solution of 100 units of untreated insulin. 


It should be mentioned that our samples of insulin were not specially 
dried before heat sterilization. It is possible that if rigorously dried 
material had been used, no inactivation would have occurred. 

Implantation of tablets. A shaved area on the flank of the rabbit was 
infiltrated with a 1 % solution of cocaine, and in the area of skin thus anaes- 
t ictized, an incision of length about 1 cm. was made. The incised area was 
urther treated vdth cocaine, and by gentle manipulation with blunt 
orceps a pocket was opened between the skin and the underlying tissues, 
f pocket the tablet was dropped. Care was taken to ensure 

^^d free from blood. The incision was closed 
•I h a single stitch, precautions being taken not to disturb the tablet in 
yring this and subsequent procedures. It was found that the 
itnplantation of a tablet could be effected in this way 
rabbit or sign of discomfort on the part of the 

In p’om causing the blood-sugar level to rise appreciably. 

e experiments sterile tablets were implanted vritb aseptic pre- 
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cautions, bnt in many instances no S 2 :) 0 cial precautions were taken, since 
the experiments ;vero of short duration. 

Blood-sugar estimations were made by the Hagedorn-Jensen method, 
using O'l c.c. of blood from the ear vein. 



Fio. 1. TIio influonco of dry -heat sterilization on the 
activity of insulin. 

Curve A, Avorago rosponso of 5 rabbits to tlie in- 
travenous injection of the equivalent of 2 units of heat- 
sterilized crystalline insulin. 

Curve B, Response of a rabbit to the intravenous in- 
jection of the equivalent of 2 units of hoat-storilizod low- 
zinc insulin. 

Curve (7. Normal rosponso to the intravenous injection 
of 2 units of insulin in tlie rabbit. 

Results 

Experiments with fasting rabbits 

In the first series of experiments the rabbits fasted for 16-24 hours 
before the implantation of the tablet, and received no food during the 
experiment. Eight experiments were made on the implantation of un- 
sterihzed tablets of crystalhne msuhn, and 4 experiments Avith similar 
tablets of amorphous low-zinc insuhn. Typical blood-sugar cm’ves ob- 
tained from experiments of this type are shown in Fig. 2. Two experiments 



IMPLAI^TATION OF INSULIN TABLETS 111 

■were also carried out -with sterile tablets of crystalline insulin, and 2 -with 
sterile tablets of amorphous insulin. Blood-sugar curves obtained in these 
experiments (Big. 2) did not differ strikingly from those -svith non-sterile 
tablets, but in all 4 experiments "vrith sterilized tablets the animals ulti- 



Fig. 2. The influence of the suhcutaneous implanta- 
tion of pellets of solid insulin containing the equivalents 
of 100 units, on the blood-sugar level of the fasting 
rabbit. 

(T^ical Curves) 

Curve A» Unsterilized crystalline insulin. 

Curve B, Unsterilized low-zinc insiilin. 

Curve C. Ueat-sterilized crystalline insulin. 

Curve jD. Heat-sterilized low-zinc insulin, 

inatcly died in hypoglycaemic con'rulsions, "whereas only 1 death (-with 
lo'w-zinc insulin) occurred in the 12 experiments with unsterilized tablets. 
This suggested that the insulin was being absorbed more rapidly from the 
sterilized tablets than from those unsterilized, particularly in view of the 
fact that the heat-sterilized insulin was less active physiologicallv than 
the unstcrilized material. 

In thc^ experiments on fasting rabbits, blood-sugar estimations were 
made at mtorvals for 7 or S hours after implantation of the tablet. If the 
ammal was still alive after this period it was fed. In some instances food 
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was again witlidraM-n IG liours later, and a series of blood-sugar estima- 
tions made. In no instance was a significant fall of blood-sugar level 
found during the second period of fasting, showing that the absorption 



Fig. 3. Tho influonco of tlio subcutaneous in- 
jection of a solution of 100 units of insulin on tho 
blood-sugnr level of tho rabbit. 

Curve A, Avorngo response of 4 fasting rabbits 
to tho subcutaneous injection of crystnllino insulin. 

Curve B, Average response of 3 fasting rabbits 
to tho subcutaneous injection of low-zinc insulin. 

Curve t7. Average response of 3 non-fasting 
rabbits to tho subcutaneous injection of crystal- 
line insulin. 

Cui've D. Average response of 3 non-fasting 
rabbits to tho subcutaneous injection of low-zinc 
insulin. 

of material from the tablet was physiologically undetectable 24 hours 
after implantation. 

Control experiments on the subcutaneous administration of a solution 
of insulin containing 100 imits (i.e. 5 mg. of solid material) to fasting 
rabbits showed (Fig. 3) that both with crystalline (4 experiments) and 
with low-zinc insulin (3 experiments) death invariably occurred. Never- 
theless, in these experiments the initial rate of fall of the blood-sugar level 
was not obviously greater than that observed in the experiments with 
subcutaneous tablets (cf. Fig. 2). 
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In the experiments with the low-zinc insulin, no trace of the tablet 
could be found 24 hours after implantation, whether sterilized or unsteri- 
lized tablets had been used. In contrast to this, post-mortem examination 
of the rabbits receiving either sterilized or unsterilized tablets of crystal- 
line insulin showed the presence, at the site of implantation, of cysts 
about 3 mm. in diameter and 1 mm. thick. On histological examination 
these were found to contain clearly defined crystals. The presence of these 
crystals in the capsule was strikingly confirmed with the aid of the 
polarizing microscope (Fig. 4). In one experiment a rabbit which had 
received a subcutaneous implantation of a tablet of crystalline insulin, was 
killed 3 days after implantation, and an alkaline extract (pH 8'5) made 
of the tissues surrounding the point where the tablet had been implanted. 
The extract was cleared by centrifuging, and injected subcutaneously into 
another rabbit ; hypoglycaemic convulsions occurred 2 hours later in the 
recipient rabbit, and death ensued 5 hours after injection of the extract. 
This showed conclusively that physiologically active insulin was present 
at the site of implantation 3 days after the tablet of crystalline insulin 
had been implanted, and there was no reason to doubt that the observed 
crystals were those of insulin. The formation of the capsule had apparently 
prevented further absorption of the material. 

The formation of a capsule surrounding the crystalline insulin was not 
due to the presence of a non-sterile foreign body in the subcutaneous 
tissues, as the capsule was formed when sterile tablets of crystalline insulin 
were used, and was not formed when unsterilized tablets of amorphous 
insulin were implanted. Moreover, tablets of oestrone or testosterone may 
be left in the subcutaneous tissues for months without causing any sign 
of the reaction given by the crystaUine insulin. 

Tlie subcutaneous implantation of a tablet of the solid material obtained 
from protamine-insulin suspension (1 experiment) and from zinc prota- 
mine-insulin (1 experiment) had no significant effect on the blood sugar 
level of the fasting rabbit. 


Experiments with non-fasting rabbits 
In the second series of experiments the rabbits did not undergo a pre- 
litninary fast, and were allowed aecess to food during the whole of the 
experimental period. 

Eight experiments were carried out with unsterilized tablets of crystal- 
line msulin, and G experiments with unsterilized tablets of low-zinc insulin 
Ihc average curves are given in Fig. y. Four experiments were carried 

vrcaiccl tablets of low-zmc insulin. The averafye curwps fnr. f - 
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no apparent influence on the effectiveness of tlie implanted tablets. If we 
take into account the diminished physiological activity of the heat- 
sterihzed material, we must consider the possibility that insulin was being 



Fig. 5. Tho influonco of tho subcutaneous im- 
plantation of pellets of solid insulin containing the 
equivalent of 100 units, on the blood-sugar level 
of the non-fasting rabbit. 

Curve A, XJnstorilized crystalline insulin. Aver- 
age curve for 6 rabbits. 

Curve B, Unsterilized low-zinc insulin. Average 
curve for 6 rabbits. 

Curve C. Heat-sterilized crystalline insulin. 

Average curve for 4 rabbits. 

Curve D. Heat-sterilized low-zinc insulin. Aver- 
age curve for 4 rabbits. 

absorbed from the sterile tablets at a greater rate than from the non- 
sterile tablets. 

The results of experiments on the influence of the subcutaneous injection 
of a solution of insuhn containing 100 units, on the blood-sugar level of 
the non-fasting rabbit, are given in Fig. 3. The curves shown are those 
for the average response of groups of 3 rabbits receiving insuhn which 
had not been heat-sterihzed. Other results, not depicted, showed that 
heat-sterilization of the dry insulin exerted no appreciable influence on 
the hypoglycaemic action of a subcutaneously injected solution containing 
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the equivalent of 100 units. Comparison of the results given in Pigs. 3 
and 5 shows that the influence of the tablets was slightly more prolonged 
than that of the solutions. In both sets of experiments there were indica- 
tions that the low-zinc insulin was slightly more effective than the crystal- 
line material. 

Discussion 

The results show clearly that the hypoglycaemic action of subcutane- 
ously implanted tablets of insulin is only very slightly more prolonged 
than that of subcutaneously injected solution, when big doses are used. 
In this respect insulin differs from many other physiologically active 
substances. 

The very slight difference between the results obtained with tablets of 
crystalline insulin and those with low-zinc insulin appears at first some- 
what surprising in view of the fact that much of the crystalline material 
is not absorbed, whereas the tablets of low-zinc insulin complete^ dis- 
appear. Inactivation in the body of some of the absorbed insulin might 
account for these findings, but there is no reason to doubt that insulin 
can be excreted by the kidneys [see Hill and Howitt, 1936, for references], 
and it seems possible that much of the big doses used in the present series 
of experiments was excreted in this manner. Thus the similar results 
obtained with the two types of insulin would suggest that the balance 
between absorption and excretion (or inactivation) was similar in the two 
cases, the balance being slightly greater with the low-zinc material. 

The formation of a capsule containing crystals of unabsorbed material 
when tablets of crystalline insulin were implanted might be attributed to 
the action of the zinc in the crystals, particularly in view of the absence 
of such a reaction when tablets of low-zinc insulin were implanted. Experi- 
ments on the subcutaneous implantation of zinc salts (e.g. zinc sulphate) 
have so far failed to produce any local reaction, absorption being complete 
and rapid. A combination of zinc salts and protein might, however, exert 
a different effect when subcutaneously implanted. 

Sotemahy 

1. Insulin can be sterilized in the dry state b}’' heating to 100° C. for 
1 hour on 3 successive days. Some inactivation occurred as the result of 
this process in our experiments, the crystalline insulin being less affected 
than the low-zinc material. 

2. In the rabbit the hypoglycaemic action of subcutaneously implanted 
tablets of insulin containing approximately 100 units is only slightly more 
prolonged than that of 100 units of subcutaneously administered solution 
iieat-stcnlized tablets exerted an action similar to that of unsterilized 
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3. Tablets of low-zinc insulin had been completely absorbed within 
24 hours of implantation. With crystalline material (sterilized or un- 
sterilized) a ca])sulc was formed at the site of implantation, containing 
well-defined crystals of insulin. In spite of this the cficctivcness of the 
crystalline tablets was very little different from that of the tablets of 
low-zinc insulin. This suggests that ])art of the absorbed insulin had been 
inactivated or excreted. 
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Fig 4 a Histological section of cyst found four days after implantation of a 7 mg. 
tablet of zinc c^^^stalline insulin. Usual histological technique except for omission of 
differentiation in acid alcohol, x 67 




Fio. 4 b. Same Fcctioii under polarized light, showing presence of abundant crj'stals 
and rr‘strietion of tliem to tlie walls of the cyst. The two odd cry'stals in the top left- 
lmn<l eorner have l>ecn washed away from the tissue during staining and mounting. 
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3. Tablets of low-zinc insulin Imd been completely absorbed within 
24 hours of imidantaiion. With crystalline material (sterilized or un- 
sterilized) a capsule was formed at the site of implantation, containing 
well-defined crystals of insulin. In spite of this the elTcctivencss of the 
crystalline tablets was very little dificrent from that of the tablets of 
low-zinc insulin. This suggests that part of the absorbed insulin had been 
inactivated or c.xcrctcd. 
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SEPARATION OF FOLLICLE-.STIMULATING FRAC- 
TION FROM PITUITARY GONADOTROPHIN 


By H. RINDERKKECHT aTtd P. C, WILLmiS^ 

From the, GourUiuld Institute of Biochemistry ^ 

Middlesex Hospital, London, W. 1 

{Eeceived 17 May 1939) 

Ik 1930 Eevold and Hisaw reported a separation of pituitary gonado- 
trophin into two fractions — a follicle-stimulating hormone (FSH) and a 
luteinizing hormone (LH). PSH when injected into immature or hypo- 
physectomized rats caused follicular growth in the ovaries with no 
luteinization. LH injected by itself had no follicle-stimulating properties 
in such animals but would luteinize the follicles produced by FSH in- 
jection. Their separation [Fevold, Hisaw, and Leonard, 1931] depended 
on the greater solubility of FSH in cold distilled water. Evans, Jleyer, 
and Simpson [1933] were unable to confirm these results, nor were Van 
Dyke and Wallen -Lawence [1933], 

In 1033 Fevold, Hisaw, Helibaum, and Hertz published a method of 
separation by the selective adsorption of LH on benzoic acid. Saunders 
and Cole [1938] failed to confirm this, though they obtained some degree 
of separation. 

In 1934 Wallen-Lawence separated two fractions by precipitation with 
alcohol at 6*^0. The precipitate with 40% alcohol was predominantly 
luteinizing, that with 55% alcohol purely follicle stimulating, Saunders 
and Cole [1938] again failed to confirm this method of separation. 

Leonard and Smith [1933] reported that when extracts of castrate and 
pregnancy urine were injected into the same animal, the resulting increase 
in ovary weight was more than the added increase in weight of the four 
ovaries obtained after injecting castrate urine extract into one animal and 
pregnancy urine extract into another. Evans, Simpson, and Austin [1933] 
found the same augmentation when pregnancy urine was given with 
anterior pituitary extracts and claimed to have isolated a separate 
'synergist' from the latter. When Fevold and Hisaw [1934] repeated 
Uiis work the synergist they obtained was predominantly follicle stimulat- 
ing and they concluded that the augmentation was due to the combined 
action of FSH and LH on the ovary. 

Evans, Simpson, Korpi, and Wonder [1930] separated three fractions 
irom anterior lobe extracts by fractional precipitation n-itJi different 
saturations of ammonium sulphate. Wiiile their LH fraction was con- 

‘ Working on a grout from tJic Jk-dical Research Council. 
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tnminated with one of tlio other two fractions, tlicy claimed to obtain a 
pure FSH fraction and a fraction (ICSH = interstitial cell stimulating 
hormone) which had no eflcct on the immature female rat but repaired 
the atrophic interstitial cells in the gonads of hypophysectomized rats of 
both sexes. Their Lfl when contaminated with FSfl did not have this 
effect [Evans, Simpson, Pencharz, 1937] and so differed from the LH 
principle of Eevold and collaborators [Creep, 1930; Creep and Fevold, 
1937]. The i)rinciplo differentiation of the ICSH from Fevold’s LH 
principle and j)rcgnancy urine was its failure to give augmentation when 
injected in combination with FSH. In 1937 Fevold repeated this work 
and was unable to obtain any evidence of a separate ICSH fraction. At 
the same time ho published a new method for separating the fractions, 
based on ammonium sulphate precipitation. 

Our own attempts at separation of acetone dried horse pituitary gland 
reported below lead us to conclude that the methods of separating FSH 
and LH so far advanced are not rej^roducible, owing to interference by the 
large amount of inert material j)resent in the extracts. All our methods 
are based on ammonium sulphate precipitation, but are applied to extracts 
of different degrees of purity. 


Bioassays 

Immature female rats were injected daily with the various fractions for 
a period of 5 days. The dosage figures given throughout this paper are 
expressed as the total dose given in the five injections in terms of the 
weight of original dried gland. In some cases hypophysectomized im- 
mature female rats were used so that secretion by the injected animal’s 
own pituitary should not interfere with the assay. Hypophysectomized 
adult male rats were occasionally used for the assay of suspected ICSH 
activity. The hypophysectomy was performed from the retro-phaiyn- 
geal approach. The females were killed on the 6th day, the ovaries and 
uteri dissected out and fixed in Bouin’s solution. When in the 70% 
alcohol ^age of the dehydration process the ovaries were roughly dried 
on filter-paper and weighed. Serial sections were prepared from most of 
the ovaries for histological examination. The degree of luteinization and 
follicle stimulation given in the tables was based on this examination. 
The male hypophysectomized rats were injected daily for 7 days, killed 
on the 8th when the testes, prostate, and seminal vesicles were dissected 
out and subjected to the same procedures for weighing and histology as 
the ovaries and uteri of the females. As the object of this work was 
mainly of a qualitative nature, groups of 3 animals for the bioassays were 
considered to be sufficient. 
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Expekimental 

Preparation of crude extract 

Evans et al, [1936], using fresh sheep pituitary gland as starting material, 
extracted with Ba(0B[)2 or NaOH solutions. These solutions were not 
very effective for the extraction of the gonadotrophic activity from 
acetone dried horse pituitary gland, so a glycine-NaOH-NaCl buffer 
solution at pH 10 was used as extracting agent (mixture of 4 parts of 
N/10 NaOH and 6 parts of a solution of 7-505 g. glycine and 5-85 g. HaCl 
per litre). The dried pituitary gland was ground with sand in a mortar 
and the buffer solution added. The extraction was carried out at 0° C. 
overnight, the mixture being mechanically stirred throughout. The 
residue was centrifuged off. In most cases a fresh extract was used for 
each attempted separation of the fractions. It was foimd that the re- 
covery of activity was more complete when a smaller initial weight of 
dried gland was used. This was presumably due to a more effective grind- 
ing in the mortar with small quantities. 

Fractionation of Crude Buffer Extracts 

In brief, Evans et al. [1936] using their procedure I found that ICSH 
activity was precipitated by 40% saturation with ammoniinn sulphate 
(0-4 SAS) at pH 7. Raising the degree of saturation in the supernatant 
fluid to 60% (still at pH 7) precipitated the LH activity. Following the 
removal of this precipitate, the supernatant fluid was raised to 80-90% 
saturation with ammonium sulphate at pH 5 and the FSH activity pre- 
cipitated. 

Process I 

We repeated this procedure using 175 c.c. of crude buffer extract 
(= 5 g. dried gland), but were unable to confirm their results. The 0*4 
SAS precipitate contained both FSH and LH activity even after three 
reprecipitations from 0-4 SAS. The 0*6 SAS precipitate contained practi- 
cally pure FSH activity, while the 0-9 SAS precipitate had no detectable 
gonadotrophic activity. Thus in our experiments both FSH and LH 
activity were precipitated at lower degrees of ammonium sulphate satura- 
tion than in the experiments of Evans et aL [1936], 


Process II 

These results and the description by Evans, et al. [ 1937 ] of an improved 
method for the separation of the ICSH fraction, suggested the modifica- 
tion of the previous process outlined in Table I, 
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Wlioreay in Process I tlio pJi of tlio [)rcci{)itutions varied, in this proce; 
they wore all carried out at pH o. The biological assays of the varioi 
fractions are given in Table II, 


Table I. Fraclioniilion of (jonadotrophin 


Kxtract (HIM I) 

equivalent to I g. HU in MO o.c 
inado up to U-C SAS at pH o. 


Procipitato wiuslied 
twico with 0-0 SAS 
ijolution at pH 5 
(HPaOa) 


I 

Sup(*niat4int 
znado up to 0*3 SAS 
at pH o 


I 

Supernatant 
inado up to 0*5 SAS 
at pH 5, 


Precipitato 
wiidhctl twico with 
0*3 SAS solution 
at pH 5. 
(HP3Ia) 


Preci])itato 
roprocipitatod 
from 0*5 SAS at 
pH 5, throo tiinea 
from auccessivo 
smaller volumes 
(HP33a) 


Supernatant 
made up to 0*0 SAS 
at pH 5 


Supernatant 

discarded 


Precipitato 
redissolved in 
9 c.c. Mado up to 
0*5 SAS at pH 5 


1 


Supernatant 
made up to 0*9 SAS 
at pH 5 


Precipitato 
recombined 
with 0*5 SAS 
fraction 


Precipitato 
redissolvod in 
3 c,c. mado up to 
0*4 SAS at pH 4*5 


Supernatant 

discarded 


Precipitato 


Supernatant made up to 0*9 SAS 


Procipitato {HP32a) 


Suponiatont 

discarded 


The 0-2 SAS precipitate (HP30a) contained no gonadotrophin, even 
though tested on male hypophysectomized rats for ICSH activity. The 
0'3 SAS precipitate (HPSla) contained both FSH and LH, but a dose of 
1’3 g. was necessary to stimulate the ovaries of injected rats. Most of the 
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LH seemed to be precipitated with 0-5 SAS, though this precipitate 
{HP33a) still contained FSH after three reprecipitations. The 0-9 SAS 
precipitate (HP32a) was dissolved and further precipitates removed at 
0-5 SAS and 0-4 SAS, as shown in Table I. The final precipitate when 
tested was predominantly follicle stunulating, though producing a few 
small corpora lutea and some interstitial cell repair when injected into 
h 3 rpophysectomized rats. 


Table 11. Effects of gonadotrophic fractions obtained by Process II on im- 
mature female rats 


Histological 

Biological Assays Examinations 


No. 

Preparation 

Dose, equivalent of 
mg. HP powder 

Ovaries Uterus 

mg. mg. 

FSH 

LH 

HPil 

Crude extract 

10 

82 

133 

4- + + 

+ 

HP30a 

0-2 SAS 
precipitate 

1300 

5 H 

25 

— 


HP31a 

0-3 SAS 
precipitate 

1300 

22 

155 


+ 

HP33a 

0-5 SAS 
precipitate 

400 

144 

155 

+ + + 

+++ 

HP32a 

0-9 SAS 
precipitate 

600 

48 H 

122 

+ + + 

(+) 

Control immature . 

. ... 

14 

33 


, , 

Control hypophysectomized 

6 

H = hypophysectomized. 

20 

* * 

• • 


This process therefore yielded a relatively pure FSH fraction. It was 
not, however, quantitatively satisfactory since there had been a loss of 
FSH in both the 0*3 and 0-5 SAS precipitates. This second failure to repeat 
the work of Evans et al. suggested that the differences might be due to 
the different starting materials. As the presence of FSH in the precipitates 
at lower degrees of ammonium sulphate saturation might be due to ad- 
sorption on to the inert material also precipitated, we decided to attempt 
the separation of the fractions from a purer starting material. 

Fractio7iali07i of sul 2 )JiosaUcijlic acid soluble 77iaterial 
The addition of sulphosalicylic acid to pregnant mare serum, bringing 
the pH to 2, precipitates 9S% of the inert material, leaving the gonado- 
trophic activity in the supernatant fluid [Rinderknecht, Xoble, and 
Williams, 1930]. Crude buffer extracts of the dried horse gland were 
similarly treated. It was found that the supernatant fluid contained only 
about half of the gonadotro 2 )hic activity. Tlie precipitate contained some 
of the activity but much was destroyed. (The loss was not due to separa- 
tion of the FSH and LH with consequent loss of augmentation, since the 
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original activity was not recovercci wlicn preciiiitato and supernatant 
were combined and injected.) 

Process III 

A buHer extract of 10 g. of dried gland was concentrated to 83 c.c. This 
extract was then brought to pl[ 2 by the addition of 33% sulphosalicylic 
acid and the resulting precii)itato removed. Ammonium sulphate was 
added to the supernatant fluid until it was 45% saturated. A precipitate 
was removed and the supernatant fluid raised to 0-9 SAS. The 0-9 SAS 
precipitate was redi.ssolved and precipitates were taken at 0-45 SAS and 
0*9 SAS as before. The second 0-9 SAS precipitate was I'edissolved and 
similarl}' treated. The pH was lve 2 )t as 7 throughout these procedures. 
The third and final 0-9 SAS jjrecipitate had no detectable gonadotrophic 
activity. The final 0-45 SAS precipitate contained FSH. 

Process I V 

Since the FSH had been taken down with the 0-45 SAS precipitates in 
Process III, that process was repeated, removing precipitates at 0-4 
SAS instead of 0-45 SAS. The starting material was less concentrated. 
Ten grammes of dried gland -was extracted wdth 280 c.c. buffer solu- 
tion and 100 c.c. of this solution treated Avith sulpliosalicylic acid. 
There was no improvement in the final results, since FSH was still taken 
down with the precijjitates at the lower degree of ammonium sulphate 
saturation. 

Process V 

One liundred cubic centimetres of the buffer extract used in Process IV 
were brought to jjH 2 witli 33% sulphosalicylic acid and the supernatant 
fluid raised to only 0-35 SAS and adjusted to pH 7 before removal of the 
fli’st precipitate. This precipitate contained little FSH. Injected in a dose 
(200 mg.) 10 times greater than the minimal effective dose of the sulpho- 
salicylic acid soluble material, it produced ovaries of 20 mg. The super- 
natant fluid Avas raised to 0-9 SAS and the precipitate redissolved. When 
this solution Avas raised to 0-35 SAS no precipitate Avas formed until the 
pH Avas adjusted to 4-5. This precipitate contained more FSH. When 
injected in the same dose of 200 mg., ovaries of 50 mg. Avere produced. 
The supernatant fluid Avas raised to 0-9 SAS and the precipitate Avhen 
injected in a 200 mg. dose produced ovaries of 40 mg. in the hj^ophysec- 
tomized rat. These ovaries shoAved that follicular groAvth and interstitial 
cell proliferation had been stimulated. Fragmentation of the granulosa in 
some follicles shoAved that ti'aces of LH Avere still present in this fraction. 
This process Avas repeated on the remaining crude buffer extract omitting 





Imcj. 1, Ovary of hypophyscctoinized rat 
7 fl. Koc'oivvd no injection. \Vt. of single 
ovary 3 ing, x 20, 



2. Ovary of hypophysectomized rat 871. Received 
bion of crude extract HP541, Wt. of single ovary 
26 mg. X 20. 



Fia. 3. Ovary of liypophysoctomized rat 895» 
Received FSH extract HP5510. Wt. of singlo 
ovary 21 mg. X 20. 
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the sulphosalicylic acid preparation. Both 0'35 SAS precipitations were 
made at pH 4-5. The final 0-9 SAS precipitate had to be injected in a dose 
of 1000 mg. to produce any ovarian response. The preliminary sulpho- 
salicylic acid precipitation therefore increased the yield of TSH in the 
final 0-9 SAS precipitate. The yield obtained by the whole process includ- 
ing the sulphosalicylic acid treatment was also an improvement on the 
yield obtained ficom the crude extract by Process II (HP32a, Table II). 
The effective dose was one-third of that of HP32a. 

These results indicated that a preliminary step in the purification of 
the gonadotrophin increased the efficiency of the subsequent separation 
of PSH and LH, although the actual purification process used in this 
instance was quantitatively unsatisfactory. 


Fractionation of 50% Alcohol Soluble Material 
When an equal volume of absolute alcohol was added to a crude buffer 
extract the precipitate contained no gonadotrophic activity. The super- 
natant fluid was used as the starting material for another attempt to 
separate the two fractions. 


Process VI 

The details of this process are given in Table III. 

In Table IV are given the results of the biological tests. 

Since previous results showed that FSH was taken down by 0-35 SAS 
precipitations at pH 4-5, the first two 0-35 SAS precipitations in this 
process were made at pH 7. The 0-9 SAS precipitate obtained after this 
procedure (HP551)] still contained much LH activity. The tables show 
that two further precipitates were removed at 0-35 SAS pH 4-5, and one 
at 0-4 SAS pH 4-5, before the last traces of LH disappeared from the 0-9 
SAS precipitable material. There was some loss of FSH in these 0-35 SAS 
precipitates (e.g. HP555)- The final 0-9 SAS precipitate (HPoolO) was 
the purest follicle-stimulating fraction we obtained. Injected in a dose of 
150 mg. into two hypoph 3 ^sectomized rats, it produced ovaries of 42 mg. 
These ovaries contained no corpora lutea and only occasional traces of 
^nanulosa fragmentation and thecal luteinization. The stromal elements 
in the ovaries were obviously stimulated. A typical ovary obtained after 
m]cctiou of this fraction is shown in Fig. 3, compared with the ovary 
Irom a control hypophysectomized rat (Fig. 1) and from one injected 

of l,r oP the effective dose 

on US F&H fraction with that obtained from the suiphosalicvlic acid 

hiiproved.'^'''"' significantly 
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Table 1I[. Fraclionalioa of fjonadotrophin 

25 c.o. extract II PIG 1, equivalent to 1000 mg. IIP, 
precipitated with 50% alcohol at pH 7 


l^reeipilate 

discarded 

(HP55) 


Supernatant 
brought to 75% alcohol 
at pH 5 

(- ' I 

Precipitate Supernatant 

redissolved iu 5 c,e. discarded 

of water, ^lado up to 0‘35 SAS at pH 7 


Precipitate 

reprecipitated at 0*35 SAS 
from 2 c.c. Supernatant poolotL 
witli first 0*35 SAS supernatant 


Supernatant 
Tnado up to 0*9 SAS at pH 5 


Precipitate Supernatant 

redissolved in 3 c.c, discarded 

I\Iado up to 0*35 SAS at pPI 7 


Supernatant, mado up to 
0*9 SAS ut pH 5 


Precipitate 


Precipitate 

(HP551) rodissolved in 2 c.c. mado up to 0*35 SAS at pH 4*5 


Precipitate 


Supernatant 

made up to 0*9 SAS at pH 4*5 


Precipitate (HP552) 
Rodissolved in 1 c.c. made 
up to 0*35 SAS at pH 4*5 


Supernatant 

discarded 


Precipitate 

(HP5G5) 


Supernatant 
made up to 0*9 SAS 


Precipitate (HP566) Supernatant 

Redissolved in 0*5 c.c. made discarded 

up to 0*4 SAS at pH 4*5 


Precipitate (HP557) 


Supernatant 
made up to 0*9 SAS 


Supernatant 

discarded 


Precipitate 

(HP5510) 
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Process VII 

The method of Fevold [1937], like those of Evans and his colleagues, 
depends on the greater solubility of ESH in certain saturations of am- 
monium sulphate, but also makes use of his fin di n g that LH shows a 
minimum solubility at pH 4r-4‘2. We repeated this method, extracting 
10 g. of dried horse pituitary gland with 500 c.c. of 0-02 H ammonium 
hydroxide. This extracting agent, found by Eevold to be effective 


Table IV. Effects of gonadotrophic fractions obtained by Process VI on 

immature female rats 


Histological 

Biological Assays Examinations 


No. 

Preparation 

Dose, equivalent of 
mg. HP powder 

Ovaries 

mg. 

» 

Uterus 

mg. 

FSH 

LH 

HP46I 

Crude extract 

10 

48 

106 

+ + + 

+ 4- 

HP55 

50% alcohol 
precipitate 

200 

12 

43 



HP55I 

0-9 SAS 
precipitate 

150 

72 

120 

+ + -f 


HP552 

0‘9 SAS 
precipitate 

150 

62 

131 

+ -f + 

-f 4- 

HP555 

0-35 SAS 
precipitate 

125 

52 

80 

+ + + 

4-4- 

HP556 

0‘9 SAS 
precipitate 

250 

40 

118 

-r + 

4-4- 

HP559 

0'4 SAS 
precipitate 

250 

12 

49 

+ 

— 

HP5510 

0-9 SAS 
precipitate 

450 

42 H 

82 

-f-f -f 

— 

Control immature 


14 

33 



Control hypophysectomized 

6 

H = hypophysectomized. 

20 




when applied to acetone dried sheep gland, was not very effective when 
applied to dried horse gland. Although the subsequent fractionation 
method was followed exactl3% the fraction which, according to Fevold, 
should be free from LH gave the same ovarian response as the crude 
ammoniacal extract. The 0-2 SAS precipitates, which should have purely 
LH activity, were found to contain much ESH in our experiment. Eggle- 
ton and Robson [1939] have repeated this method of separation, also using 
dried horse gland as starting material, without success. 


Discussion 

It has been pointed out that although many workers have reported a 
separation of the FSH and LH present in pituitary gonadotrophin, no 
i^mgle method has ever been successfully confirmed. Our own findings 
point to the existence of two separate fractions, but the details of the 
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Table III. Fraclionalion of (jomulolrophiii 

25 c.c. ox t met nU, equivalent to 1000 mg. IIP, 
|)reeipitute(i with 50% aleuhol at pil 7 


Procipitato 

<IiKear<le<l 

(IIP55) 


t:>u[)ernatant 
hrovjgiit to 75% alcohol 
at pH 5 


Proci])ituto Supernatant 

re<Ii.SiioIvo<l in 5 c.e, fliiicarclcd 

of water. Made up to 0-35 SAS at pH 7 


Procipitato 

ropreeipitalod at 0*35 SAS 
from 2 c.e. Supernatant poolecL 
with timt 0*35 SAS nupernatant 


Supernatant 
'Inado up to 0*9 SAS at pH 5 


Precipitate 
redisriolvctl in 3 e,c. 

.Made up to 0*35 SAS at pH 7 


Supernatant 

diiscarded 


Supernatant, nuulo up to 
0*0 SAS at pH 5 


Procipitato 


Precipitate 

(HP551) rodissolvcd in 2 c.c. niado up to 0*35 SAS at pH 4*5 


Precipitate 


Supernatant 

made up to 0*9 SAS at pH 4*5 


Precipitate (HP552) 
Hcdissoivcd in 1 c.c. made 
up to 0*35 SAS at pH 4*5 


Supernatant 

discarded 


Procipitato 

(HP555) 


Supernatant 
made up to 0*9 SAS 


Precipitate (HP55C) Supernatant 

Redissolved in 0*5 c.c. made discarded 

up to 0*4 SAS at pH 4*5 


Precipitate (HP557) 


Supernatant 
made up to 0*9 SAS 


Supernatant 

discarded 


Precipitate 

(HP6510) 
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SuilMASY 

1. Attempts to separate a pure follicle-stimulating fraction from horse 
pituitary extracts by the methods of Evans et al. [1936] and of Eevold 
[1937] were unsuccessful. 

2. By modifications of these procedures a relatively pure foUicle- 
stunulatmg fraction was obtained. 

3. Bemoval of inert material from the crude pituitary gland extracts 
improved the results. 

4. It is suggested that the inert materials present in crude extracts 
seriously interfere with the separation of LH and FSH. 

We are very grateful to Dr. A. S. Parkes of the National Institute for 
Medical Research for supplies of dried horse pituitary gland, and to 
Professor E. C. Dodds and Dr. R. L. Noble for their interest and criticism. 
The photomicrographs are the work of Mr. E. J. Pittock. 
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soparatiou pi-occcUucH a(lo[)tccl by Evans et ul. [iO.'JG] and by Fevold 
[ 1937 ] had to bo modified to bring about a satisfactory separation. We 
obtained no evidence of the e.Nii.stence of a separate ICSH fraction. We 
always found stromal proliferation associated with our purest FSH 
fractions (ct. Fig. 3 ). This finding is in direct conflict with the finding 
of Evans v.t ul. [ 1936 ] that the ICSfl fraction was precipitated at lower 
concentrations of ammonium sulphate than the LH fraction. In human 
pituitary glands having no luteinizing activity, ICSH is associated with 
the FSH principle [Witschi, 1937 ; Noble, Rowlands, Warwick, and 
Williams, 1939 ]. 

Our failure to confirm the separation methods of Evans el ul. and 
Fevold, and the failure of Eggleton and Robson to confirm the method of 
Fevold, may bo duo to the use of horse pituitaiy gland instead of sheep 
pituitary gland w'hich has been used by all previous workers in this field. 
Apart from the comparative failure of e.xtracting solutions wdiich are effec- 
tive in the e.xtraction of gonadotro^jhic activity from sheep pituitary 
gland, when applied to horse gland, we have other evidence that species 
difference alters the behaviour of pituitary gonadotrophin. Thus we found 
that the gonadotrophin present in acetone dried horse pituitary extract 
is almost completely precii)itated by flavianic acid, while that present in 
a similar acetone dried ox gland extract is not so precipitated. Unless one 
postulates a chemical difference in the gonadotrophin present in different 
species, this implies that the chemical behaviour of the hormones is 
altered by the presence of the inert material in the gland. The hormones 
may be bound up to inert protein molecules, as suggested by CoUip [ 1937 ], 
or the inert material may affect the behaviour of the hormones in some 
other way. These inert materials may then differ from species to species, 
and thus explain the species difference in the chemical behaviour of 
gonadotrophin. 

Our finding that some degree of purification of the pituitary gonado- 
trophin previous to the separation process improves the yield of FSH in 
the pm'est fraction suggests that the inert material may also interfere with 
the separation process. If this is so, the failure of other workers using the 
same starting material to repeat the various reported separation pro- 
cedures may be explained. Even slight differences in such things as the 
condition of the gland used as starting material, the method of extraction 
and the carrying out of every subsequent procedure might affect the 
chemical nature of the inert material. Since this material is present in 
such preponderate amounts, slight changes in its natui’e may seriously 
affeet the behaviour of the hormones. This suggests that easily repio- 
ducible results will not be obtained until a separation procedure is applied 
to a much purer gonadotrophic extract than has been used liitherto. 



DEAL ADMINISTRATION OF STILBOESTROL 129 

organs were dissected out and fixed in Bouin’s solution, and weighed 
from 70% alcohol. 

In the experiments to determine the effects on lactation the mother of 
the litter was given the stilboestrol solution to drink, commencing the day 
after delivery. In every case the number of rats in the litter was limited to 
5, and the litters were weighed at regular intervals. In some instances the 
expectant rat was started on aqueous stilboestrol 3-4 days before the 
expected date of parturition. 

Aqueous solutions of stilboestrol were prepared by Mr. Fitzgerald. The 
procedure adopted was to dissolve 10 mg. of stilboestrol in a few c.c. of 
absolute alcohol. This was stirred into 2 litres of distilled water. Follow- 
ing 24 hours in a mechanical shaker, it was found that the oestrogen 
remained in solution. This solution, containing 5 /4g. per c.c., was diluted 
with distilled water if weaker solutions were required. In order to check 
approximately the amount of stilboestrol in weak solutions they were 
assayed for oestrogen activity on ovariectomized adult rats. Experiments 
are in progress to evolve a chemical method of assay for weak solutions. 

Results 
Adult Rats 

In the initial experiment two rats were placed in the same cage and the 
total daily amount of stilboestrol solution consumed measured for the 
two animals. Eleven pairs of male rats were given solutions to drink 
containing stilboestrol in a concentration of from 0-1 /ig. to 5*0 /xg. per c.c. 
Three pairs of control animals were allowed distilled water to drink. The 
animals were killed after 28 days. The results obtained for these rats are 
given in Table I. 

A similar experiment was followed using female rats. Nine pairs of 
animals were given solutions of stilboestrol containing from 0*05 /xg. to 
5*0 /xg. per c.c. These results are shown in Table II. 

From the data obtained for the adult male and female animals it may 
be seen that this form of stilboestrol administration was quite effective. 
Inhibition of body-growth was produced and the inhibition of the secre- 
tion of gonadotrophic hormone was reflected by a lowered weight of the 
testes, and in some cases of the ovaries. The seminal vesicles and prostate 
were atrophied. Enlargement of the adrenal glands and the uteru.s was 
observed. In the male animals all cases tested to as low as 2-4 /xg. per day 
would appear to reduce body-growth. When a level of la-9 /xg. per dav 
was reached the effect was very marked. The weights of the gonads 
showed a wide variation, but in some cases normal gonads were present in 
animals where growth was retarded. In the female rats do.-es below 1-9 /xg. 
per day apjiarcntly had little effect. With larger doses growth was 
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Following the prolonged iulniini.stnition of synthetic oestrogens to rats 
it has been shown tlmt changes occur which are associated with a de- 
creased function of the anterior pituitary gland [Noble, lO.'JSa, 193S6, 
1939]. When crystals or tablets of active substances were implanted into 
the subcutaneous tissues it was found that although they produced the 
typical changes the amount absorbed was very great over a jirolonged 
period. Since inhibition of bod^’-growth, lactation, and gonadotrophic 
hormone secretion of the anterior pituitary gland is readily j:)roduced by 
oestrogens, it was thought to be of importance to determine quantitatively 
the amount of oestrogen necessary to produce these effects. The relatively 
high oestrogenic activity of diethylstilboestrol when administered orally 
[Dodds, Lawson, and Noble, 193S; Parkes, Dodds, and Noble, 1938; 
Emniens, 1939], and its comparatively high solubility in aqueous solution, 
suggested that the oral administration of aqueous solutions could be 
adojjted. By the substitution of stilboestrol solutions of varying con- 
centrati-ons in j^lace of the animal’s drinking water, it has been possible to 
administer graded doses of this oestrogen over jjrolonged periods. Such a 
method of administration has obvious advantages, and ensures a more or 
less continuous absoiqition of the substance. 

Methods 

Rats of an original Wistar strain raised in this Institute have been used 
throughout. During the experiment they were fed exclusively on a dry 
food compressed in cakes, of a similar type to that described by Thomson 
[1936]. The fluid intake was measured over a preliminary control period, 
the animals being allowed water to drink. The oestrogen solution was then 
substituted in place of drinking water for 28 days, and the amount con- 
sumed measured daily. In some cases the animals were placed in meta- 
bolism cages and the urine excretion also measured daily. The rats were 
maintained as far as possible at a constant temperature throughout the 
experiment. They were weighed at regular intervals, and the body- 
weight has been used as an index of body-growth. At autopsy the various 
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The wide variation in response of the two animals in the same cage 
uggested that the individual intake of stilboestrol solution of the two 
tiimals varied greatly. It appeared essential, therefore, to repeat the 
xperiment with only one rat in each cage. The response of male animals 
3 four different concentrations of stilboestrol solution (1-6 fxg,, 0*8 /xg., 
•4 fig,, and O'i /xg, per c.c.) was determined. The amount of stilboestrol 
onsuraed daily, the daily fluid intake, and alteration in body-weight 
ave been calculated as the average per rat for each group of three or four 


["able II. The effect of oral administration of stilboestrol to female adult rats 





for 28 days 




Stilboestrol 







■ A 

^ 

Initial 

Weight 





tg* per 

Daily 

weight 

change 

Adrenals Pitmtary 

Ovaries 

Uterus 

c.c. 

dose 

g* 

g. 

mg. 

mg. 

mg. 

mg. 









00 

0*0 

121 

+ 35 

37 

6*0 

45 

301 



133 

+ 24 

37 

6*0 

45 

424 

0*05 

0*9 

159 

+ 30 

48 

5*5 

45 

358 



139 

+ 36 

66 

5*0 

62 

285 

0*05 

0*9 

162 

+ 34 

58 

7*0 

47 

290 



146 

+ 35 

54 

5*6 

69 

382 

0*1 

1*9 

165 

+ 9 

42 

7*0 

60 

394 



140 

+ 30 

53 

6*5 

48 

549 

0*1 

2*2 

159 

+ 11 

43 

10*0 

55 

421 



153 

+ 5 

28 

10*0 

26 

395 

0*4 

3*0 

160 

+ 6 

44 

9*5 

42 

398 



140 

+ 16 

54 

8*0 

47 

350 

0*1 

3-8 

144 

+ 7 

37 

6*5 

44 

361 



138 

+ 6 

38 

7*0 

34 

671 

5*0 

40*6 

160 

- 2 

60 

6*0 

27 

385 



158 

-36 

51 

6*5 

19 

407 

5*0 

68*0 

153 

- 1 

66 

9*5 

36 

480 



128 

+ 8 

62 

14*0 

20 

535 

50 

08*5 

149 

-11 

60 

7*0 

25 

373 



146 

+ 14 

50 

7*0 

52 

622 

Table HI. The 

effect of oral ad77ii7iislratio7i 

of stilboestrol 

on fluid intake 


^»umbcr 

of 

rata. 

S 

t 

\ 

H 

10 


Stilboestrol 
/Jg. per c.c. 

0*1 

0-2 

0-3 

0-1 

50 


Fluid intako (c.c. per- rat per day) 


Preliminary 

period. 

Water 

28- 5 
326 

29- 2 
2G-2 

or.r 


Stilboestrol 

solution 

23-8 

2 * 1*2 

19*1 

13-7 

12*5 


Average decrease 
in fluid intake 

‘ 1'7 

8*4 

100 

12*5 

130 
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uffectcd and slight pituitary enlargement was found. Occasionally 
animals which were resistant to treatment increased in weight, although 
the oestrogen dose was largo. 

It was noticed that when the animals described above were transferred 
from the preliminary control period on water to the stilboestrol solution 


Table I. The effect of oral admhiislralion of stilboestrol to male adult rats 

for 2S days 


Stilboeatrol 


*>- 


Initial 

Weiglit 



Somiiml 



/ig. per 

Daily 

weight 

change 

Adrcnald 

Pituitary 

voaiclod 

Prostate 

Testes 

c.c. 

doso 

g' 

g- 

nig. 

itig. 

mg. 

mg. 

mg. 










0 

0 

151 

•h02 

22 

5*0 

465 

470 

2259 

0 

0 

160 

+ 74 

31 

0*5 

490 

514 

2217 

0 

0 

150 

+ 75 

32 

5*5 

523 

584 

2309 

0 

0 

147 

+ 8 i > 

35 

7*0 

205 

407 

2116 

0 

0 

154 

+ 68 

25 

6*0 

465 

483 

2514 

0 

0 

140 

+ 77 

34 

5*5 

525 

472 

2165 

0*1 

2*4 

168 

+ 39 

20 

6*0 

397 

468 

2330 



163 

+ 30 

43 

7*0 

316 

475 

2196 

0*1 

3-0 

170 

+ 30 

38 

0*0 

61 

190 

1746 



160 

+ 69 

32 

5*0 

239 

367 

2012 

0-2 

cp 

164 

+ 16 

32 

7*0 

160 

265 

1726 



170 

+ 34 

42 

7*0 

152 

265 

1975 

0*2 

4-9 

168 

+ 28 

29 

0*0 

48 

91 

581 



164 

+ 37 

35 

7*0 

247 

310 

602 

0*3 

5-7 

100 

+48 

31 

5*5 

423 

472 

2637 



166 

+ 17 

42 

6*0 

29 

62 

1024 

0-3 

5-8 

174 

+ 34 

27 

6*0 

357 

367 

2275 



167 

+ 30 

32 

7*0 

204 

279 

2240 

0*4 

6*5 

160 

+ 44 

34 

6*5 

113 

227 

1744 



164 

+ 20 

36 

7*0 

118 

265 

2136 

0-4 

8-1 

157 

+ 31 

33 

7*0 

30 

70 

624 



166 

+ 33 

27 

6*0 

627 

657 

2320 

10 

15*9 

166 

-14 

25 

7*0 

35 

75 

647 



166 

-6 

38 

6*0 

18 

44 

333 

5*0 

44*8 

162 

-23 

26 

4*5 

21 

57 

263 



162 

-17 

37 

6*0 

20 

50 

266 

6-0 

93-7 

168 

-9 

46 

9*0 

36 

80 

384 



169 

-6 

66 

8*0 

41 

90 

477 


the volume of fluid consumed was always reduced. Also, the amount by 
which the fluid intake was decreased appeared to be related to the con- 
centration of the stilboestrol solution. The average amount of water 
consumed over a control period of 4-7 days may be compared with the 
average amount of stilboestrol solution, of different concentrations, con- 
sumed during the experimental period in Table III. 
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Table IV. The effect of oral administration of stilboestrol to individual 
male adult rats for 28 days 


Stilboestrol 

Initial 

Weight 

change 

Adrenals Pituitarv 

Seminal 

Prostate Testes 

pg. per 

Daily 

weight 

mg. 

mg. 

vesicles 

mg. 

mg. 

c.c. 

dose 

g* 

g* 



mg. 



0-1 

2*4 

163 

+ 62 

30 

7*0 

580 

556 

2104 

O-I 

2*4 

165 

+ 68 

41 

8*0 

200 

403 

2635 

0*1 

2*7 

160 

+44 

38 

8*0 

300 

447 

2287 

0*4 

5*7 

160 

+ 36 

31 

6*0 

341 

481 

2177 

0*4 

7*6 

188 

+ 51 

34 

6*5 

383 

485 

2320 

0*4 

8*0 

174 

+ 38 

32 

6*0 

440 

495 

2237 

0*8 

10*4 

164 

+ 15 

28 

6*0 

94 

187 

2078 

0-8 

11*5 

164 

+ 23 

35 

70 

110 

243 

2224 

0*8 

12*6 

171 

+ 6 

42 

6*5 

43 

90 

926 

0-8 

12*8 

157 

+ 26 

48 

7*0 

45 

139 

1590 

1*6 

12*8 

176 

- 7 

30 

5*0 

40 

90 

1293 

1*6 

14*4 

174 

0 

35 

7*0 

35 

106 

1932 

1*6 

19*2 

175 

+ 15 

38 

6*5 

167 

275 

2280 

1*6 

19*5 

172 

+ 11 

34 

7*0 

42 

90 

531 

Table V. 

The 

effect of oral administration of 

stilboestrol to male adult rats 


Number 
of rats 
0 


Stilboestrol 
pig. per c.c. 
0 


3 0-1 


^ 0-4 


0-8 


^ 1-G 


for 28 days 

Average per rat 


For 

Daily dose 

Fluid per day 

Weight change 

weeks 

Mg* 

c.c. 

g* 

0-1 

0 

27*3 

+ 20*4 

1-2 

0 

28*0 

+ 19*1 

2-3 

0 

29*5 

+ 18*2 

3-4 

0 

30*0 

+ 16*8 

0-1 

0 

27*6 

+ 31*0 

1-2 

2*6 

26*5 

+ 19*7 

2-3 

2*5 

25*4 

+ 14*7 

3-4 

2*5 

25*6 

+ 10-6 

4-5 

2*3 

23*8 

+ 13*0 

0-1 

0 

24*0 

+ 32*4 

1-2 

7*0 

17*5 

+ 90 

2-3 

7*0 

17*7 

+ 11*5 

3-4 

6-9 

17*4 

+ 10*5 

4-5 

7*0 

17*7 

+ 10-5 

0-1 

0 

21*5 

+ 21*5 

1-2 

12*4 

15*5 

- 1*0 

2-3 

12*0 

150 

r 5-0 

3-4 

120 

150 

+ G-5 

4-5 

10*0 

13*7 

+ 7-0 

0-1 

0 

24'5 

+ 35*4 

1-2 

17*9 

11*2 

-10-2 

2-3 

150 

98 

+ 1-0 

3-1 

15*5 

9*7 

+ 8-0 

4-5 

ICG 

K 

10*4 

+ G-0 
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nits on tho four difleront solutioiKs. The figures obtained during each week 
of treatinont are shown in Table IV, The preliminary control week oa 
water and tho results on control animals given water throughout are also 
included. 

Tho data obtained after autopsy on thcvse rats is shown in Table V. 
Tlieso results, while similar to tlioso obtained in the preliminary experi- 



SriLOOESrROL /tfi PER day 

Fig. 1 . Effects of oral administration of stilboostrol on growth and organ weights 

of adult inalo rats. 


inent, were more uniform, altliough the individual variation of the 
animals was quite marked. It may be seen that a decrease in fluid intake 
occurred when the rats were transferi’ed from the preliminary period on 
water to stilboestrol solution, and that this was most marked with the 
most concentrated solution used. The average weights of the various 
organs for the groups of rats on each solution, expressed in terms of 100 g. 
body-weight, have been calculated as the percentage of those obtained for 
the control animals. The average increase in body-weiglit over the 28-day 
period has been similarly expressed. These percentages were graphed 
against the daily average dose of stilboestrol, and are shown in Fig. 1. 

It may be seen that the growth of the animal was affected by relatively 
small amounts of stilboestrol, and the effect produced appeared to be 
directly proportional to the daily dose of oestrogen. The weight of the 
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did not appreciably increase the effect on lactation. These results have 
been included in Table VI. 

The rats in the litters which died during the experiment did not show 
any abnormality in the development of their reproductive organs. In 
female rats the uterus and vagina were not stimulated. The stilboestrol 
consumed by the parent rat apparently was not transmitted through the 
milk to the litter. When the young rats had reached the age of 18 days 
they were large enough to drink directly from the stilboestrol solution. In 
such cases uterine enlargement was noted in the female animals. As has 
been previously noted, growth of young rats is only slightly affected by 
oestrogen, and the amount consumed by them directly in these experi- 
ments would not appreciably affect their growth. 

It was thought that rats in which lactation was partially suppressed by 
this method of stilboestrol administration might be a useful preparation 
on which to assay the effects of lactogenic hormone, especially since the 
stimulation produced by suckling would be a constant factor. Females 
^vith litters were therefore given a stilboestrol solution of 0*8 ;xg. per c.c. 
to drink, as above. The litters were weighed every other day, and when 
the average increase in weight became below 1*0 g. per day, the mother 
was injected with the preparation to be tested. When lactogenic hormone 
was injected into the mother in doses up to 30 units (Riddle’s pigeon crop 
gland test) per day little effect was found in the growth of the litter. 
Adrenal cortical extract (Eucortone) given alone, or with prolactin, did 
not increase lactation. Finally, a suspension of adult rat pituitary glands 
was injected, at a dose equivalent to one gland a day, without producing 
increased lactation. If the stilboestrol solution \vere replaced by water it 
was found that lactation returned to normal, as indicated by the resump- 
tion of growth of the litters. These results have been recorded in Table VII. 

Iininaiure Rata 

Since it has been shown that growth in the immature rat is only slightly 
decreased by oestrogen treatment [Noble, 1938a, 1939] a number of im- 
mature animals were given a solution of 5 /xg. per c.c. to drink. The growth 
of these rats w’as recorded over 10 weelcs’ time. The results obtained were 
essentially similar to those previously" described following implantation of 
tablets of oestrogens into immature rats [Noble, 1939], and have not, 
therefore, been recorded in detail. 

The young male rats grew at approximately lialf the normal rate up 
to about MO g., and in the case of females, to about llOg. After this, 
any increase in weight occurred very slowly. The gonads remained in an 
uifantile condition due to the inhibition of gonadotrophic hormone of the 
pituitary gland. 
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testes, on the other hand, was Jittio afleotcd until the daily dose reached 
Up to tin’s dose an ap[)aient increase occurred, because the 
body-weight was reduced and the wciglits of the testes were expressed in 
terms of body-weight. The weiglits of tiic prostate and seminal vesicles 
were little aHeeted up to 7 pg. per day, but as the dosage increased they 
decreased ra[)idly, rellecting the lailure of androgen secretion by the 
testes. The weight of the pituitaiy and adrenals increased as the dose of 
stilbocstrol was raised. 

Effects on lactation. In the preliminary experiments the rats, on the day 
following parturition, were given stilbocstrol solutions to drink of the 
following concentration; 0-1 pg., 0-4 pg., 0-8 pg., 2-5 pg., and o pg. per c.c. 
In each case the number of rats in the litter was limited to 5. The average 
weight of the young rats and the number surviving at the end of each of 
the 3 weeks after birth may be seen in Table VI. The average daily con- 
sumption of stilbocstrol by the mothers is also recorded. 


Table VI. Effect of oral adniinistration of stilboestral to -parent rats on the 
growth of their litters. {The original number of rats in each litter ivas Jive) 


No. 

Paronta 

Stilboestrol solution 

A 

Litters 

Average weight per rat. 

of 

t 

\ 

Av. daily 

7 days 

14 days 

21 days 

litter 

per c. 

.c. dose per 

g- 

g' 

S- 



rat. pg. 



38-7 [20] 

4 

0 

0 

14-1 [20] 

23-7 [20] 

4 

Od 

2*7 

11'6 [17] 

15'0 [17] 

2G 0 [17] 

4 

0-4 

9G 

9-9 [19] 

14-2 [15] 

18-4 [15] 

10 

0-8 

17*5 

10-9 [45] 

12-0 [25] 

14-8 [14] 

3 

2*5 

02*2 

10*3 [15] 

11-C [0] 

12-3 [3] 

3 

60 

64-3 

8*1 [10] 

— 

— 

♦3 

0*8 

17*0 

IM [15] 

13-8 [14] 

14-7 [13] 

t2 

50 

49-5 

5*0 [10] 

G-O [Ij 

— 


[] = total number of rats in litters alive. 

* Parent rats consumed an average of 11-5 ^g. stilbocstrol per day for 5 days prior to 
parturition. 

•f Parent rats consumed an average of 30’Opg. stilbocstrol per day for 5 days prior to 
parturition. 

These results show that when tlie adult animal was drinking as little as 
2-72 pg. of stilbocstrol a day the growth of her htter was below normal. 
When larger amounts were consumed gi’owth of the Htter was coiTespond- 
ingly retarded. When the mother was receiving 17-57 pg. per day the 
survival of the litter was doubtful. The largest dose tested, however, did 
not entirely suppress lactation. Six animals were started on stilboestrol 
solution, 5 days prior to the birth of their litters. Although they con- 
sumed from 11-5 to 30 pg. per da^'- of stilboestrol over the 5 days, lactation 
was not inhibited. Apparently the earlier start of the oestrogen treatment 
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did not appreciably increase the effect on lactation. These results have 
been included in Table VI. 

The rats in the litters which died during the experiment did not show 
any abnormality in the development of their reproductive organs. In 
female rats the uterus and vagina were not stimulated. The stUboestrol 
consumed by the parent rat apparently was not transmitted through the 
milk to the litter. When the young rats had reached the age of 18 days 
they were large enough to drink directly from the stilboestrol solution. In 
such cases uterine enlargement was noted in the female animals. As has 
been previously noted, growth of young rats is only slightly affected by 
oestrogen, and the amount consumed by them directly in these experi- 
ments would not appreciably affect their growth. 

It was thought that rats in which lactation was partially suppressed by 
this method of stilboestrol administration might be a useful preparation 
on which to assay the effects of lactogenic hormone, especially since the 
stimulation produced by suckling would be a constant factor. Females 
with litters were therefore given a stilboestrol solution of 0-8 /xg. per c.c. 
to drink, as above. The litters were weighed every other day, and when 
the average increase in weight became below 1*0 g. per day, the mother 
was injected with the preparation to be tested. When lactogenic hormone 
was injected into the mother in doses up to 30 units (Riddle's pigeon crop 
gland test) per day little effect was found in the growth of the litter. 
Adrenal cortical extract (Eucortone) given alone, or with prolactin, did 
not increase lactation. Finally, a suspension of adult rat pituitary glands 
was injected, at a dose equivalent to one gland a day, mthout producing 
increased lactation. If the stilboestrol solution were replaced by water it 
was found that lactation returned to normal, as indicated by the resump- 
tion of growth of the litters. These results have been recorded in Table VII. 

Immature Rats 

Since it has been shown that growth in the immature rat is only slightly 
decreased by oestrogen treatment [Noble, 1938a, 1939] a number of im- 
mature animals were given a solution of 5 pg. per c.c. to drink. The growth 
of these rats was recorded over 10 weeks’ time. The results obtained were 
essentially similar to those previously described following implantation of 
tablets of oestrogens into immature rats [Noble, 1939], and have not, 
tlierefore, been recorded in detail. 

The young male rats grew at approximately half the normal rate up 
to about UO g., and in the case of females, to about 110 g. After this 
any increase in weight occurred very slowly. The gonads rema*ined in an 

. nt.le condition due to the inhibition of gonadotrophic hormone of the 
piiuiiary gland. 
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testes, on tlie otlier Iiaiui, was little airected until the daily dose reached 

Mo- P^'i' <^l''^y- Ui) to this close an apparent increase occurred, because the 
l)ody-weij'ht was reduced and the weights of the testes were expressed in 
terms of body-weight. The weights of the prostate and seminal vesicles 
were little alfeetcd uj) to 7 /eg. j)er day, but as the dosage increased they 
decreased raj)idly, rellecting the failure of androgen secretion by the 
testes. The weight of the pituitary and adrenals increased as the dose of 
stilbocstrol was raised. 

EJjccts on lactation. In the preliminary experiments the rats, on the day 
following j)arturition, were given stilbocstrol solutions to drink of the 
following concentration: O-I pg., 0-4 ^g., 0-8 /^g., 2-0 ng., and 5 fig. per c.c. 
In each case the number of rats in the litter was limited to 5. The average 
weight of the young rats and the number surviving at the end of each of 
the 3 weeks after birth may be seen in Table VI. The average daily con- 
sumption of stilbocstrol by the mothers is also recorded. 

Table VI. Effect of oral administration of stilboestral to parent rats on the 
growth of their litters. [The original number of rats in each litter teas five) 
ParonLs Litters 


No. 

Stilboestrol solution 


Average weight per rat. 


of 

MS* 



Av. daily 

7 days 

14 days 

21 days 

litter 

per c.c. 

doso por 
rat. /ig. 

g* 

g* 

g- 

4 

0 

0 

14*4 [20] 

23*7 [20] 

38-7 [20] 

4 

0*1 

2*7 

11*0 [17] 

15*0 [17] 

26 0 [17] 

4 

0-4 

90 

9*9 [19] 

14*2 [15] 

18-4 [15] 

10 

0*8 

17*5 

10*9 [45] 

12 0 [25] 

14-8 [14] 

3 

2*5 

02*2 

10*3 [15J 

11*6 [CJ 

12-3 [3] 

3 

60 

04*3 

8*1 [10] 

— 

— 

♦3 

0*8 

17*0 

11*1 [15] 

13*8 [14] 

14-7 [13] 

t2 

50 

49-5 

5*0 [10] 

6-0 [1] 

— 


[] = total number of rats in litters alive. 

* Parent rats consumed an average of 11*5 /tig. stilbocstrol per day for 5 days prior to 
parturition. 

*1* Parent rats consumed an average of 30- O/ig. stilbocstrol per day for 5 days prior to 
parturition. 

These results show that when the adult animal was drinking as little as 
2-72 pg. of stilboestrol a day the growth of her htter was below normal. 
When larger amounts were consumed growth of the litter Avas correspond- 
ingly retarded. When the mother was receiving 17-57 pg. per day the 
survival of the litter Avas doubtful. The largest dose tested, hoAvever, did 
not entirely suppress lactation. Six animals Avere started on stilboestrol 
solution, 5 days prior to the birth of their litters. Although they con- 
sumed from 11-5 to 30 pg. per day of stilboestrol over the 5 days, lactation 
Avas not inhibited. Apparently the earlier start of the oestrogen treatment 
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but the total amount consumed was not appreciably increased. To estab- 
lish this point, however, a careful fluid balance experiment was run on two 
pairs of male* rats. Each of these received 10 mg. of stilboestrol crystals 
implanted into the subcutaneous tissues. Such a procedure does not inter- 
fere with the health of the animal, and as has been sho^vn [Jfoble, 1939], 
this substance rapidly disappears and produces only a temporary effect 
when administered by this method. The fluid balance and growth curve 



Fio. 2. Growth and duid exchange of two male adult rats after implantation of 10 mg, of 

stilboestrol crystals. 

for one pair of these animals are represented in Fig. 2. Similar results 
were obtained for the other pair of rats. 

It may be seen that an immediate low’ering of the w^ater intake and a 
fall in body-weight followed crystal implantation. As the eflect of the 
stilboestrol diminished, as indicated by the increase in body-weight, the 
Iluid intake also correspondingly increased. It would appear likely, there- 
fore, that the decreased consumption of stilboestrol solutions noted in the 
rats was not necessarily related to the oral method of administration. If, 
however, the total fluid intake reaches a low level, a secondary effect on 
body-weight may occur due to lack of adequate fluid. 

^^ypophyscctomized rats. To determine whether the effect of stilboestrol 
on fluid intake was related to its action on the pituitary gland, e.xperiments 
were conducted on hypophysectomized rats. Following this operation in 
the rat a great increase in fluid intake and urine excretion occurs [Richter, 
1931; Dodds, Noble, and Williams, 1937]. The polyuria and polydypsia 
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Tho iiiiiimtm-e aniinuls upiicurecl to dilVor fro;n the adults in that there 
was very little alteration in Iluid intake when tho stilboestrol solution was 
substituted tor water. It was always found that they consumed a normal 
amount ot solution, even though it contained 5 pg. of oestrogen per c.c. 
It was po.ssiblo, therefore, to maintain the.se animals on a daily dose of 
from oO to (JO /tg. of stilboestrol for proiongetl periods. 

Table VII. Effect oj trcuhnent of parent rat {when lactation is reduced by the 
oral administration of stilboestrol) on the yrowth of their litter. {The average 
growth of control litters at a corresponding age was I'6g. per rat per day) 

Lit tor 




Parent rat 


Averago we; 

ight ehango per rat 


Trout nu'iit 

Daily 

Days oT 



Rat No. 

witli 

tioso 

Troatavont 

During 4 days 

During treatment 





control period 

of parent 





g* 

S' 

Gl>l 

Proluclia 

\5 VI. 

a 

~0*2 

--1-0 

671 

>> 


s 

-^3•2 

+ 1-0 

G74 


If 

8 

+ 2-8 

4-2-0 

C03 

f 1 

30 u. 

S 

d-2*5 

+5-2 

073 

>» 


8 

-10 

4-3*4 

062 

Proluctiii 

15 u. 





and 


G 

d-0-1 

^0*9 


‘Eucortono* 

0-5 c.c. 




005 

‘Eucortono^ 

0*5 c.c. 

3 

4-3-4 

+20 

075 

Rnt pituitary 

— 1 gland 

S 

-hl-4 

-3-0 


suspension 





077 

>> 

^ >f 

8 

--0-2 

-0-9 


Effect on Fluid Exchange 

It may be seen from the results so far presented that the amount of 
fluid consumed rapidly fell off when stilboestrol was substitited for water. 
This decreased fluid intake appeared more marked as the concentration 
of the solution was increased. If this effect was primarily due to the rats 
dislilring the solution for drinking purposes (a solution of 5 pg. per c.c. is 
tasteless to the human), the lowered fluid intake might primarily cause a 
reduction of body-weight. That a lowered fluid consumption may affect 
the animal has been found in control experiments. Male rats were allowed 
either 10 or 15 c.c. of water each per day for 28 days. In these cases body- 
weights were reduced below normal and a slight atrophy was found in the 
gonads of the animals receiving 10 c.c. per day. The reduced fluid intake 
after stilboestrol might, however, be secondary to the general effects of 
the oestrogen on the animal, possibly from a direct action on the meta- 
bolism or from the lowered pituitary function. This appeared to be the 
most likely explanation, since it was found that when rats which were 
drinking only small amounts of the more concentrated stilboestrol solu- 
tions were given access to water simultaneously, they drank both solutions. 
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)ufc the total amount consumed was not appreciably increased. To estab- 
ish this point, however, a careful fluid balance experiment was run on two 
nairs of male- rats. Each of these received 10 mg. of stdboestrol crystals 
^planted into the subcutaneous tissues. Such a procedure 
fere with the health of the animal, and as has been shovm [Noble, 1939] 
this substance rapidly disappears and produces only a temporary effect 
when administered by this method. The fluid balance and growth curve 
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Flo. 2. Growth and fluid exchange of two male adult rats after implantation of 10 mg. of 

stUboestrol crystals. 


for one pair of these animals are represented in Fig. 2. Similar result 
ivere obtained for the other pair of rats. 

It may be seen that an immediate lowering of the water intake and i 
fall in body- weight followed crystal implantation. As the effect of th< 
stilboestrol diminished, as indicated by the increase in body -weight, th< 
fluid intake also correspondingly increased. It would appear likely, there 
fore, that the decreased consumption of stilboestrol solutions noted in th 
rats was not necessarily related to the oral method of administration. li 
however, the total fluid intake reaches a low level, a secondary effect o 
body-weight may occur due to lack of adequate fluid. 

^^ypophysectomized rats. To determine whether the effect of stilboestrc 
on fluid intake \vas related to its action on the pituitary gland, experiment 
conducted on hypophysectomized rats. Following this operation i 
the rat a great increase in fluid intake and urine excretion occurs [Richte: 

Dodds, Noble, and Williams, 1937]. The polyuria and polydjq)si 
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appear within 4 hours after hypophysectomy, reach a maximum in 1 or 2 
days, and then gradually decrease, following hypophysectomy, there- 
tore, four rats were given a solution of o jiig. per e.c. of stilbocstrol to drink. 
Iho results wore compared witli those obtained for two control animals 
run simultaneously, but which drank water, and are shown in Fig. 3. 


hypophysectomy 



Fig. 3. Effect of oral stilbocstrol administration on fluid exchange of rats following liypophysectoniy. 

X X == Control water. 

X X == Control urine output. 

• • = Stilbocstrol intake (5 pg. per c.c.). 

• • 5= Urine output. 

In all the animals removal of the pituitary gland was followed by severe 
polyuria and polydypsia. The fluid intake level of the four animals 
receiving stilboestrol solution, however, returned to below normal on the 
following day. The control animals, on the other hand, continued to show 
a raised fluid intake level in 2 weeks’ time. It would appear, therefore, 
that stilboestrol may produce, even in the absence of the pituitaiy gland, 
some alteration in metabolism, so that the animal requires a lowered fluid 
intake. At autopsy, after 2 weeks, the rats receiving stilboestrol had a 
deflnitely heavier average uterine weight (295 mg.) than the two controls 
(125 mg.). No differences were found in the weight of the ovaries (treated 
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5*3 mg. — controls 23-5 mg.) or adrenal glands (treated 17-5 mg. — 
mtrols 16-0 mg.). 

Discussion 

It has been shown that the administration of aqueous solutions o^ stil- 
oestrol by the oral route to rats was followed by changes which were 
ypical of those produced by oestrogen treatment. This method, while 
eing relatively simple, has the added advantage that by varjdng the 
oncentration of the stilboestrol solution the dose for the animal may 
>e readily controlled over prolonged periods of time. Trom the results 
obtained for male rats it has been shown that as small a dose as 2 to 3 /xg. 
)f stilboestrol daily may reduce the growth of the animal. As the dose was 
ncreased the effect became more marked. The condition of the gonads 
ippeared to remain normal until the animals received daily doses of over 
7 fxg. per day. The adrenals and pituitary gland showed an increased 
iveight when larger doses were employed. In lactating rats as low a dose 
as 2 to 3 /xg. per day appreciably reduced the growth of their litters. When 
17 /xg. or more per day was consumed the mortality in the litters was 
greatly increased. It would appear, therefore, that of the various changes 
produced by stilboestrol the effects on growth require the smallest dosage. 
Lactation was reduced by doses of the same order as those which cause 
decreased grmvth. Inhibition of the gonadotrophic hormones of the 
anterior pituitary gland, with resulting atrophy of the gonads, was 
observed when larger amounts of stilboestrol were given. The more or less 
continuous absorption of oestrogen resulting from this form of administra- 
tion is probably responsible for the small amounts of stilboestrol required 
per day to exert the actions described. The oral dose of stilboestrol which 
was necessary to produce vaginal oestrous in ovariectomized rats was 
approximately 1 ^g. [Dodds et al., 1938]. These results, therefore, would 
suggest that oestrogens under normal conditions may be present in suffi- 
cient amount in the animal to exert an influence on body-growth and the 
secretory activity of the pituitary gland. 

Whereas the action of oestrogens on the gonads seems to be indirectly 
produced through the inhibition of gonadotrophic hormone secretion by 
pituitary gland, body-growth and lactation may be directly affected, 
liie observation that once lactation was reduced by oestrogens it could not 
^0 increased Ly anterior pituitary extracts is suggestive that the primary 
c ect of the oestrogen was on the mammary tissue and not on the pituitary 
g and. It 13 possible, however, that the amount of extract given was not 
su icient to stimulate lactation. That the mammary glands were in a con- 
^ could yield more milk w’as shomi by their increased 

non when oestrogen treatment was discontinued. It was not found 
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possible to iniiibit Iiictutioii completely, even when stilboestrol was 
aclininistered to the female rat before parturition. The inhibition of lacta- 
tit)n in the rat by injections of stilboestrol has been previously studied by 
l<'olley and Watson [lO.'JSj. 

Further evidence that ocstrogens may e.vert a direct action on the 
tissues of the rat which is independent of the pituitary gland has been 
given. The fall in body-weight which follows stilboestrol treatment in 
adult rats was found to bo associated with a parallel decrease in fluid in- 
take. A similar linding was noted when stilboestrol was administered as 
crystals implanted into the subcutaneous tissues. The behaviour of the 
immature rat was quite diil'erent from that of the adult. Body-growth was 
only slightly retarded by stilboestrol treatment and a reduction in fluid 
intake did not occur. Ocstrogens Juay exert an inflvicnce on fluid exchange 
in the rat even after removal of the pituitary gland. In the experiments 
described stilboestrol prevented the prolonged polyuria and polydypsia 
which follow hypophyscctomy in the rat. These findings were of interest 
in view of the investigations by Zuckerman, Palmer, and Bourne [1939], 
who showed that the water-content of the skin, uterus, and vagina in rats 
was increased following the injection of ocstradiol. 

SUiMMABY 

By substituting aqueous solutions of different concentrations of stil- 
boestrol for rats’ drinking water it has been possible to administer this 
substance at various dose levels for prolonged periods of time. In adult 
male animals a daily dose of 2 to 3 pg. of stilboestrol caused a slight but 
definite inhibition of body -growth, whereas atrophy of the gonads was 
not produced until a daily dose of approximately 7 pg. was given. Lacta- 
tion was reduced by a daily dose of 2 to 3 /zg. Larger doses of stilboestrol 
were followed by enlargement of the adi-enals and pituitary gland, marked 
atrophy of the gonads, and extreme alterations in body growth and 
lactation. 

A reduction in fluid intake occurred in adult rats after the oral adminis- 
tration of aqueous solutions of stilboestrol, or following implantation of 
crystals. Such an effect was also observed in rats after hypophysectomy. 
Immature rats did not exhibit a lowered fluid intake even though they 
consumed a solution of stilboestrol containing 5 [xg. jser c.c. Body-growth 
of young rats was only partially retarded. 

Lactation when reduced by oral stilboestrol administration was not 
restored following treatment Avith anterior pituitary extracts, but re- 
turned to normal Avhen the stilboestrol was discontinued. 

I would like to thank Professor E. C. Dodds for his interest and criticism. 



ORAL ADMINISTRATION OF STILBOESTROL 141 

nd ilr. W. Lawson for providing the stilboestrol. Facilities for these 
xperhnents were generously provided by the Sliddlesex Hospital Medical 
Ichool. I wish to thank Mr. S. Graves for his technical assistance. 
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THE DURATION OF ACTION OF CERTAIN 
NATURAL AND SYNTHETIC OESTROGENS WHEN 
ADMINISTERED ORALLY OR BY INJECTION 
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Hampstead, London, iV.II'. 3 

{Received 20 May 1939) 

It has been siiown by Dociils, Colberg, Lawson, and Robinson [1938] 
that certain di-csters of diethylstilboestrol liave a prolonged action when 
injected into spayed rats, as have the esters and di-esters of naturally 
occurring oestrogens. I\Iaximuin prolongation of oestrus occurred, how'- 
ever, with the dipropionato, not with the higher esters (dibutyrate and 
divalerato) of the fatty acid series. This is in contrast to the behaviour 
of the esters of oestrono and oestradiol, of which the liiglier esters have a 
more iwolonged action than the lower ones [jMiescher, Scholz, and Tschopp, 
1938 a, b, c]. The dibonzoate and dimethyl ether of diethylstilboestrol 
also had prolonged oestrogenic activity when given in doses of 100 pg. or 
more. Robson, Schonberg, and Fahim [1938], using criteria other than 
full cornification, have reported that large doses of oestradiol benzoate- 
butyrate (500 pg.), of triphenyl ethylene (10,000 pg.), and of triphenyl 
chloreth 3 dene (500 pg.), injected into spaj-^ed mice had' an oestrogenic 
action lasting for several months, while 500 pg. of free diethjdstilboestrol 
or oestradiol benzoate had a total duration of effect of 27 and 38 days 
respectively. When given orally in the same dosage, they found that these 
compounds had an effect lasting between 13 and 25 days. ICi’eitmair and 
Sieckmann [1939] compared the activities of diethylstilboestrol and its 
diacetate and dipropionate, oestrone and oestradiol benzoate, when 
given by injection to spayed rats and mice, and Avhen given orally to rats. 
The durations of action of diethylstilboestrol and oestrone by injection 
were found to increase but little with increasing dosage, the oestrogenic 
effect of 13 pg. (100 times the dose requmed to give 50% of positive re- 
actions) lasting for 3-4 days only. The diethylstilboestrol di-esters and 
oestradiol benzoate, on the other hand, showed prolonged activity with 
the higher doses. None of the substances had a markedly prolonged action 
when 100 ‘oral rat units’ were given by mouth, though diethylstilboestrol 
dipropionate gave an effect lasting for 3-6 days. 

Technique 

In the present experiments, a further comparison of tlie duration of 
action of some of these, and of other oestrogens, has been made. The 
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substances have been given by two injections or two doses by mouth to 
spayed mice, one dose on each of two consecutive days, as described else- 
where [Emmens, 1939 6]. Smears have been taken twice daily on the 
3rd and 4th day after the first injection, and once daily thereafter 
imtil four or more consecutive negative smears occurred. The criterion 
of oestrus adopted has been the presence of comified epithelial cells in 
the absence of leucoc 3 rtes. All solutions were made in nut oil, the injection 
or feeding volume being between 0*025 and 0*2 ml. ; each dose was tested 
on from 1 to 5 mice. Por the purposes of this investigation it was con- 
sidered sufficient to estimate the relative potencies of the compounds in 
a very approximate manner. They have usually been administered by 
series of graded doses in the ratios 1:2:4, &c., the lowest effective dose 
in each series being taken as a basis for a comparison of activity. These 
doses are given in Tables I and II, for subcutaneous injection and peroral 
administration respectively. 


Table I. The duration of action, in days, of various oesirogens when given by 
svbcutaneovis injection to ovariectomized mice. Doses are shown in terms of 
the lowest effective dose of each preparation 


Dose (as multiple of lowest effective dose) 


Lowest 

effective 


Substance dose in uz. 

Diethylstilboestrol 

0-1 

Diethylstilboestrol 


dipropionato 

0*25 

Diethylstilboestrol 


dibenzoate 

20-0 

Diethylstilboestrol 


dipalmitato 

50-0 

Diethylstilboestrol 


dimethyl ether 

5-0 

Oestrono 

0-1 

Ocatrono methyl other 

1*25 

Ethinyl dihydroequilin 

005 

Ethinyl oestradiol 


di*n*butyrato 

2-0 


1 2*5 5 JO 20 

2 1 2 — — 

65-6 6 6 9 

21 29 34 30 28 

18 30 38 

1 6 11 12 

4 ~ 4 

114 6 6 

i ^1 1 2 2 

10 


40 100 200 2000 8000 
— 5 7 ~ 14 

17 


4 — — 7-8 

14 

2 3 


Results 

\y ^ of the doses of diethylstilboestrol and its esters, required 

mouth and injection respectively, brings out the interesting point that, 
dos ^ considerable differences exist between the lowest effective 
fecen^ 4 different substances by injection, such differences are not 
ester given orally. Furthermore, the higher 
aclu ili^- 'i^^stilboestrol and also ethinyl oestradiol di-n-but^uate are 
dinahidf ^.ctive by mouth than by injection, dieth^dstilboestrol 
action of These facts illustrate very clearly tlie mode of 

es on ication in producing a prolonged action, showm by Deanesly 
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mul Purke.s [10117] to bo duo to delay of ab.sorptioii from the site of in- 
jection. ^Vith tlio mctliyl etliers, which do not .sliow great differences 
between tlieir oral and [jarenteral activities, a different state of affairs is 
found. Dietliyl.stilboestrol diinetliyl ether must be given orally in a 
.significantly higher do.so than diethyl.stilboestrol, but the lowest effective 
dose of oestrone ineth}'! ether is a{)j)ro.xiinately the same as that of 
oestrone. By injection, on the other hand, in both cases, more than 10 
times the dose is necessary with the methyl ethers than with the parent 
substances. 

Table. If. The duialion of action, in daijii, of various oeslrogens when given 
by mouth to ovariectomized mice. Doses arc given in terms of the lowest 

effective dose of each preparation 



Lowest 

Dose (as multiple of lowest cfTcctivo doso) 


L'ffoctivo 







Subrftanco 

dose in pg. 

I 

2*0 

J 

10 

20 

10 200 3200 

D io t hy Ls t i 1 booB ( ro 1 

0*5 


— 

— 

— 

o 

3 — 7-S 

DiothylstilbocBtrol tlijiropionato 

O-o 

i 

1 

o 

o 

o 

3 

Diet hy 1st ilboeatrol (libea/.oato 

l-O 

1 

»> 

1 

o 

3 


Diothylstilboostrol clipulinitato 

1-0 


1 

1-2 

3 

3 

o 

DiotliyLstilboestrol diinotliyl otht 

a* 2-5 

r> 

o 

1-2 

4 

4 

3-4 

Oostroiu) 

20 

t 

— 

— 

— 

— 

— 5 

Oestrono rnotliyl otiior 

2-5 

i 

1-2 

1 

— 

o 

2 

Etliinyl cliliydrocquilin 

2 r > 

i 

1 

1 




Ethinyl ocstradiol di-n- butyrate 

0*5 

i 

1 

1 





The duration of action, in days, of the higher doses of each compound 
is given in Tables I and If, in which the doses are expressed in terms of the 
lowest effective dose of each substance. Given by injection, the esters 
show the expected prolonged action, and increasing the dose is relatively 
less effective as the threshold dose becomes higher. In the case of diethyl- 
stilboestrol dibenzoate and dipahnitate, it was difficult to estimate the 
total duration of action owing to the occurrence of the phenomenon 
akead}'^ described by Castillo and Calatroni [1930] and Zuckei’inan [1938]. 
These authors found that cornification of the vaginal contents recurs 
periodical!}'’ in spayed rats injected with a constant low daily dose of 
oestrone. Following the two doses of the esters, there was an irregular 
cyclic appearance of leucocytes, sometimes with an almost complete 
disapj)earance of cornified cells, after which full vaginal cornification was 
resumed. The mice receiving these substances rvere therefoi'e examined 
for 8 to 10 days after the presumed cessation of reactions, in order to be 
sure that cornified smears did not recur. The explanation of this happen- 
ing seems to be that, with medium doses of the very slowly absorbed di- 
esters, an almost minimal degree of stimulation may be maintained over 
a considerable period. Crystals of oestrone, weighing 0-25-S mg., have, 
when implanted subcutaneously into spayed mice, given rise to the same 
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phenomenon. Comification is complete for a period of several weeks, and 
is followed by a long period during which periodic invasions of leucocytes 
are seen. The cessation of comification was usually quite sharp in the 
animals receiving the other compounds, and occurred very regularly in 
mice on the same dose of any given substance. Esterification of the 
oestrogens, therefore, raises the threshold dose by injection, but not 
necessarily by mouth, and prolongs their action by injection, but not 
(see below) by mouth. The prolonged action shown on injection of the 
higher doses of the methyl ethers of diethylstilboestrol and of oestrone 
is presumably due to the slowness with which the body effects hydrolysis 
of such ethers, without which they cannot be esterified and excreted. 

Wade and Doisy [1935] showed that excessive smearing may cause 
vaginal comification in uninjected rats. Although smears were not taken 
^vith undue frequency, it seemed possible that daily smearing might 
increase the apparent duration of action of those substances with which 
oestrus was prolonged. In the case of mice receiving the highest doses of 
diethylstilboestrol and oestrone by injection, the 5 mice on each dose 
were therefore divided into two groups of 2 and 3 mice each, the first of 
which, group A, was smeared daily as usual, the second, group B, was left 
mthout smears being taken for a week after the first appearance of comi- 
fication. With oestrone, group A was stiU positive in reaction on the 7th 
day, but group B gave negative smears, which, however, contained many 
cornified cells and only a moderate number of leucocytes, and had appar- 
ently only just become negative. On the 8th day, all mice gave negative 
smears. With diethylstilboestrol, both groups gave positive smears on 
the 7th day after the beginning of comification. Group B was again left 
without smears being taken, until both mice in group A simultaneously 
^ve a negative smear, which occurred on the 15th day, whereupon group 
Was examined and found to give negative smears. These smears also 
contained many cornified cells and few leucocytes, and had clearly only 
just become negative. There seems, therefore, to have been a shght, but 

of effect due to the taking of smears. 

, 1 .^^ oestrogens, diethylstilboestrol, oestrone, and 

^ ^my dihydroequilin, despite their different chemical constitutions are 
ini^ to be similar in their duration of action when injected into spayed 
da^*^* times the lowest effective dose exerts an action over 4 

more times this dose is needed to give an action 
loiw t ^ Diethylstilboestrol has perhaps a slightly more pro- 

others. When given orally, both the esterified and 
that ofT/ have a duration of action a httle shorter than 

iuterm- non-esterified compounds, when corresponding doses 

so 10 minimum effective dose are compared. Diethylstilboestrol 
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dinietliyl other Im.s a Hli''htly more prolonged action than the rest, but it 
.seein.s tiuit tlio solution of the problem of finding an oestrogen which is 
active lor a long period when given by mouth is not yet obvious and does 
not lie in the use of e.sterilicd compounds. As with ethinyl oestradiol 
[Emmens, IDIJDa], ethinyl ililiydroecpiilin docs not show an oral activity 
in mice which is comparable with its activity by injection. The ratio of 
the oral to parenteral dose for both of these compounds is similar to that 
for free oestradiol, being between fo and GO. This seems to be due to a 
species diiference, as ethinyl oestradiol, when tested on spayed rats by 
Inholfen, Logemann, liohlweg, and Serini [19.‘J8], was found to be l/30th, 
and ethinyl dih^'droecpulin 1/llOth as active b^' mouth as by injection, while 
oestradiol is onl}* l/oOOth as activ'o, all three substances having the same 
potency by injectio/i (one ‘rat unit’ = 0-1 /ig.). 

Su.M.'u.vuv 

A comparison of the duration of action of a number of natural and 
syjithctie oestrogens shows that, while esterification is effective in pro- 
longing the duration of action by injection, it does not do so w'hen the 
compounds are given orally. Moreover, the minimum effective dose of an 
orally administered ester is similar to that of the non-esterified parent 
substance. 

Diethylstilboestrol dimethyl ether given by mouth shows a slight pro- 
longation of effect when compared with diethylstilboestrol in terms of 
the minimum effective doses. 

My best thanks are duo to Dr. P. G. Marshall and The British Drug 
Houses, Ltd., for the supply of esters of diethylstilboestrol, and to Dr. 
K. Miescher and Messrs. Ciba for the ethmyl derivatives of oestradiol and 
dihydroequilin. 
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THE EFFECT OF SEX HORMONES, CORTIN, AND 
VASOPRESSIN ON WATER-RETENTION IN THE 
REPRODUCTIVE ORGANS OF MONKEYS 


3y S. ZUCKERMAN 

From the Department of Human Anatomy ^ Oxford 
(^Received 26 May, 1939) 


It has recently been found that sex hormones, like the hormone of the 
adrenal cortex, have water- and salt-retaining properties. Thus retention 
of water can be demonstrated both in normal monkeys during the folli- 
cular phase of the menstrual cycle [Krohn and Zuckerman, 1937] and in 
spayed monkeys during periods of experimental oestrogenic stimulation 
[Guthkelch and Zuckerman, 1937]. In male and female dogs it occurs 
not only as a result of oestrogenic stimulation but also in consequence 
of injections of progesterone, testosterone, or pregnandiol [Thorn and 
Harrop, 1937 ; Thorn and Engel, 1938 ; Thorn, Nelson, and Thom, 1938]. 
Unlike the rat, in which retention of water affects most organs and tissues 
[Zuckerman, Palmer, and Bourne, 1939], the water which is retained by 
some species of monkeys as a result of oestrogenic stimulation appears to 
be mainly deposited in the sexual skin, and this fact made it possible to 
devise the follo\ving experiments to differentiate between the water- 
retaining properties of cortin, oestrone, and testosterone. The first object 
of these experiments, which have been referred to in a preliminary 
abstract [Zuckerman, 1938], was to discover whether water that had 


accumulated in the sexual skin as a result of oestrogenic stimulation 
remained there when cortin or testosterone was given daily immediately 
after the end of the oestrone treatment. Eurther experiments were 
carried out with vasopressin, which also diminishes the amount of water 


excreted by the body. None was carried out with progesterone in view 
of the fact that the normal sexual-skin cycle in chimpanzees, baboons, 
and such species of macaque as the pig-tailed monkey, shows that the 
progesterone produced by the corpus luteum is unable to retain, in the 
i^e.\ual skin, water which has been deposited there as a result of oestro- 
gemc stimulation in the pre-ovulatory (follicular) phase of the cycle 
Mmt water-retaining properties progesterone may possess clearly do not 
onuaiiy apply to the sexual skin. 

in “T" ‘ endometrium 

noukejs and human beings becomes oederaatous durinc. the prolifera 
,..un.o,mr„»l phusot of the cycle, us it uko does S anirut?!; 
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113 rabbits when injected with oestrogenic liorniono [Fugin and Reynolds, 
lOSO], and it lias been shown experimentally that oestrogenic stimulation 
leads to the retention of water in the uterus [Astwood, lO.'lS; Zuckerman, 
ct ill., ll);{l); Astwood, working on the rat]. Water-retention and 

oedema are thus in some way concerned in tho building-up of the endo- 
metrium. Since a sub-threshold fall in tho level of oestrogenic stimulation 
leads to uterine bleeding, and since tho onset of bleeding in monkeys is 
associated with dehydration of tho uterus [Van Dyke and Ch’en, 1936], it 
would seem that tho actual breakdown of the endometrium may be due, 
at least partly, to resor[)tion of water which, having accumulated in the 
stroma under the influence of oestrogenic and, in cycles with ovulation, 
possibly progestational stimulation, acted as a fluid scaffolding of the 
proliferated glands and dilated vessels. Sucli a view is also suggested by 
histological observations made by ^larkco [lOIiS], who writes that with- 
drawal of oestrogen or progesterone causes regression and thinning of tho 
endometrium, with a resulting disjjioportion between tho thickness of the 
endometrium and tho length of the coiled arteries, whose consequent 
compression leads to vascular stasis and degeneration. It was there- 
fore of interest to inquire whether or not ‘post-oestrogen’ bleeding 
could be inhibited if a series of ocstrono injections was immediately 
followed by dail^’’ treatment with some substance, other than oestrone, 
W'ith salt and water-retaining jiroperties (e.g. cortin, testosterone). 


Expeuimental 

Four fully mature si^ayed pig-tailed monkeys {Macaca nemestrina, a 
species of macaque which experiences pronounced sexual-skin swelling) 
and six mature and adolescent spayed rhesus monkeys [Macaca mulatta) 
wove used in this study. Observations were also made on a normal 
pigtailed macaque and two immature Guinea baboons [Papio papio). 
Except where otherwise stated, the animals were injected once daily. 
The sex hormones were given intramuscularly in oil solution, while 
cortin and vasopressin were injected subcutaneously. The vasopressin 
used was the Allen and Hanbury preparation assayed at 20 units per c.c. 
One preparation of cortin was obtained from Allen and Hanbury 
(‘Eucortone’), 1 c.c. being equivalent to 75 g. of adrenal cortex. A 
second preparation of cortin was obtained .from the Upjohn Company, 
U.S.A. Each c.c. was equivalent to 40 g. of fresh beef adrenal gland, and 
w'as assayed to contain four (survival) rat units per c.c. [Cartland and 
Kuizenga, 1936]. A series of tests showed that 0*5 c.c. of this prepara- 
tion is sufficient to maintain oestrous cycles in adrenalectomized mature 
female rats. 
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REStTLTS 
Sexual Skin 

Oesirone. 

Exp. 354. Oestrone was given daily in increasing doses (100 ;ig.-400/xg.) 
to a normal mature pig-tailed monkey that weighed 7 kg. Injections were 
begun on the day after the beginning of subsidence of the sexual skin, i.e. 
approximately 2 days after ovulation and at the time of max im u m ex- 
cretion of urine in the cycle. The sexual skin gradually expanded, and was 
fully swollen 14 days after the beginning of injections. 

This experiment, like that on a sooty mangabey {Cercocebus torquatus 
atys) reported previously [Zuckerman, 1935], shows that oestrone given 
in the second half of the menstrual cycle can reverse the normal order of 
events and lead to the redeposition of water in the sexual skin. 

Two further experiments (244 and 245), carried out on immature Guinea 
baboons (Papio papio), show that the sexual skin, in species in which the 
mature female normally shows cyclical sexual-skin swelling, will remain 
swollen as long as oestrogenic stimulation lasts. In the one experiment 
the injections were continued for 233 days, and in the other for 279 days. 
It may be noted that at no time did the swelling exceed that observed in 
pubertal baboons of this species. 


Testosterone Propionate 

Exp. 366. Oestrone was injected for 39 days in increasing doses (100 fig— 
300 fig.) into a mature spayed pig-taUed monkey that weighed 5 kg. The 
sexual skin was slow in responding, but at the conclusion of this phase of 
the experiment it was almost as swollen as it ever becomes in this species 
of monkey [Krohn and Zuckerman, 1937]. The animal was given 100 mg. 
0 testosterone propionate on the 40th, 43rd, and 46th days of the experi- 
ment. By the 43rd day the swelling of the sexual skin had decreased con- 

erably, and by the 47th day the skin had assumed its hilly quiescent 
^ippearance. ^ 

amount of testosterone propionate which this animal received 
week) is far above the level (15 mg. per week) necessary 
1937 menstrual cycle in a mature rhesus macaque [Zuckerman, 

unpublished observations]. Consequently it may be 
in the ^ testosterone, like progesterone, is incapable of retaining, 
actioi water that has been deposited there as a result of the 

the othe doses of oestrone (1 to 2 mg. of oestrone per week). On 
of the / 1 ’ observed that it is capable of causing reddening 

Hartman^oSV^]^'^ macaque [Zuckerman, 1937 d; 


L 
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loO 

Cor tin 

Exp. 370.2. 100 /ig. of ocatrono were injected duil}' for 28 days into a 
nuituro pig-tailed nmcacpic that weighed I-? kg. At the end of this phase 
of tlic e.xperiment tlic swelling of the .se.xual akin was maximal. From the 
29th day until the 80th day the animal was given 10 c.c. of the Upjohn 
preparation of cortin daily (equivalent to a total of 3’2 kg. fresh beef 
adrenal gland). Subsidence of the ae.xual-akin swelling began on the 3rd 
day of cortin injections and was complete by the 7th day. Uterine bleed- 
ing set in on the Sth day (the 30th day of the total experimental period). 
The mean daily excretion of urine during the period of cortin treatment 
was 75-7% higher than it was during the last 10 days that oestrone was 
administered. 

Exp. 357. A similar result was obtained in a second experiment on a 
mature pig-tailed macaque that weighed o-l kg. Subsidence of the sexual 
skin began on the 2nd day of cortin injections, and the mean daily excre- 
tion of m-ine during the period of cortin injections was 71‘9% higher than 
it was during the last 10 days of oestrone injections. 

Extracts of cortin vary considerably in their potency, and at present 
the strength of commercial extracts of cortin is not equated with that of 
crystalline corticosterone or desoxy-corticosterone. The doses given in 
the present experiments were large, however, not only from the experi- 
mental and clinical point of view but also in relation to the body-weight 
of the animals. The conclusion may therefore be drawn that in doses 
which are able to cause considerable salt- and water-retention in dogs and 
in human beings, cortin cannot hold back water that has been deposited 
in the sexual sldn as a result of oestrogenic stimulation. 

Vasopressin 

The administration of vasopressin to normal animals is rapidly followed 
by considerable diminution in the amount of urine excreted; this effect 
is generally attributed to direct action upon the kidneys. It was conse- 
quently of interest to inquire how the sexual sldn would respond Avhen 
vasopressin is administered to a pig-taHed monkey immediately after the 
cessation of oestrone treatment. 

Exp. 370.3. A spayed pig-tailed macaque weighing 5 kg. was injected 
with 100 /zg. of oestrone daily for 20 days. At the end of this phase of the 
experiment the sexual sldn of this animal had swollen to its maximal pro- 
portions. Beginning on the 21st day 2 units of vasopressin were injected 
every 4 hours throughout the day and night. 0-25 unit of vasopressin 
injected into a man will delay for 3 to 4 honrs the diuresis which other- 
wise follows the drinldng of water [Burn, 1928]. Relative to its body- 
weiglit, the monkey used in this experiment thus received very large doses 
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of the hormone (the tolerance of rhesus monkeys to injections of posterior 
pituitary extract has been commented on by Hartman and Geiling [1936], 
who injected as much as 464 units in a period of 5 hours). 

No change was observed in the sexual skin of the pig-tailed monkey 
until the end of the 5th day of vasopressin injections, when the swelling 
began to subside. By the end of the 7th day the sexual skin had regressed 
to its normal resting condition. The injections were continued in the 
same way for a further 2 days, uterine bleeding beginning on the 9th day 
of vasopressin injections. 

The volume of urine fell immediately the vasopressin injections were 
begun, the mean daily excretion during the 9 days of injection being 50% 
less than during the part of the experiment when oestrone was injected. 
A great increase in the amount of urine excreted occurred on the day 
before uterine bleeding began, but the volume fell again when oestrone 
injections were restarted during the phase of bleeding. 

This experiment shows that the normal responses of the sexual skin 
altered as a result of the redistribution of body-fluids caused by the 
vasopressin anuria. Had the vasopressin not been admim'stered, the 
sexual skin would have subsided and the water which it contained would 
have been excreted much sooner than it was. It also follows that in the 
absence of oestrogenic stimulation, the sexual skin cannot indefinitely 
continue to hold water in spite of the considerable increase in the water- 
content of the body which results from anuria. The increase in the 
amount of urine excreted on the 8th day of the vasopressin injections was 
clearly correlated with the subsidence of the sexual skin which began 
3 days before. 


The Uterus 

Cleshone 

Observations published elsewhere [Zuckerman, 1037 6], show that 
uterine bleeding will not occur in spayed monkeys which are injected 
daily ^vith a sufficiently high dose of oestrone (experimental period up 
to one year). They also show that the bleeding which would normally 
occur after the cessation of oestrogenic stimulation can be inhibited if 
injections of oestrogenic hormone are restarted up to, and sometimes 
c^>en after, the middle of the latent period following the course of in- 
jections. 

further observations made during the course of the present study show 
i^t the normal period of uterine bleeding after a phase of oestrogenic 
stimulation (12 obser\’ations: G-8i0'34 days) is significantly .diortened if 
oestrogenic hormone is adminhtered on the 1st or 2nd day 
^ ceding (27 observations: 2-81i:0*15 days). 
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ProrjCitt crone 

It is well established [Smitli and Engle, 1952 ; Hisaw, 1935 ; Zuckerman, 
1937 cj tluit the uterine bleeding wliich normally follows the cessation of 
a series ot oestrone injections can be inhibited by the administration of 
progesterone, ^fhe period of inhibition apparently lasts for as long as 
snUicient progesterone is administered. 

Tcstoslc rone Propionate 

The following e.\i)crimcnts, like two reported by Hartman [1937], show 
that testosterone proj)ionate will also inhibit the uterine bleeding which 
normally follows the cessation of a course of oestrone injections. 

Exp. 3.39. 100 pg. of oestrone were injected daily for 14 days into a 
fully mature spayed rhesus monkey that weighed 5’5 kg. Beginning on 
the 15th day of the experiment, 50 mg. of testosterone propionate were 
injected every 3rd day for 20 days. Uterine bleeding did not occur at any 
time during this phase of the exi)erinient. It set in for the first time 12 
da^'s after the cessation of the testosterone treatment (the 50th day of 
the wliole experiment). 

A similar result was obtained in two other experiments of the same 
kind (GS.2S, 09.29). 

It may be noted that testosterone propionate in the amounts given in 
these exjjeriments does not lead to progestational differentiation of the 
endometrium [Zuckerman, 1937 a]. 

Gorlin 

Tire following experiments show that in the relatively high amounts 
administered, cortin is unable to inhibit the uterine bleeding which ocem's 
after a course of oestrone injections. 

Exp. 211.1. 50 fiQ. of oestrone were administered daily for 14 days to 
an almost mature spayed rhesus monkey that weighed 3-5 kg. From 
the 15th day 2 c.c. of the Upjohn preparation of cortin were injected 
daily. Uterine bleeding set in on the 9th day of the cortin injections 
(24tli day of the experiment). 

In three similar experiments (211.3, 275.1, 3.38) in which larger doses 
of cortin were given daily (up to 10 c.c. of the Upjohn preparation daily, 
equivalent to a total of 2*4 kg. of fresh beef adrenal gland) similar results 
were obtained, bleeding setting in on the 6th, 6th, and 8th days of cortin 
injections respectively. Uterine bleeding also occurred dming the com’se 
of cortin injections in experiment 370.2 described above. 

Vasopressin 

Hartman and Geiling [1936] have shown that relatively large doses of 
posterior pituitary extract do not stimulate uterine bleeding. The follow- 
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ing experiments show that the injection of vasopressin after a phase 
of oestrogenic stimulation does not inhibit the occurrence of uterine 
bleeding, 

Exp. 203.1. 100 fjLg. of oestrone were injected daily for 14 days into a 
fully mature spayed rhesus monkey that weighed 5*3 kg. Beginning on 
the 15th day, 1 unit of vasopressin was injected 4-hourly throughout the 
day and night for 4 days. Uterine bleeding began in the late afternoon of 
the 4th day (18th day of the experiment). Anuria occurred during the 
period of vasopressin treatment. 

The same result was obtained in two other similar experiments (203.1, 
370.3). 


Discussion 

The water-retaining properties of the sex-hormones may in general be 
related to the chemical similarity of these substances to corticosterone 
and desoxy-corticosterone. The experiments reported in this paper make 
it clear, however, that there are considerable differences in the manner of 
action of these various substances. Thus while observations on the renal 
excretion of sodium by dogs suggest that progesterone is nearly twice as 
potent as oestrone in its general salt- and water-retaining properties 
[Thom and Harrop, 1937], unlike oestrone, it has no water-retaining effect 
on the sexual skin. Unlike oestrone, too, progesterone, like cortin, has no 
appreciable effect on the renal excretion of inorganic phosphorus and 
total nitrogen [Thorn and Engel, 1938], Moreover, while oestrone and 
testosterone propionate resemble each other in reducing the excretion of 
inorganic phosphorus and total nitrogen, they differ profoundly from 
each other in so far as testosterone propionate has no water-retaining 
effect on the sexual skin, which responds to its stimulation only by redden- 
ing. The intense water-retaining effect of oestrogenic stimulation on the 
skin must therefore be regarded as a specific response, and one that 
can perhaps be related to the peculiar cytological changes which occur 
in the sexual skin when it is under the influence of such stimulation 
(c-g., enlargement of the fibroblasts [Aykroyd and Zuckerman, 1938]). 
Vhether or not the retention of nitrogen as a result of oestrogenic 
stimulation can be accounted for by these cytological changes remains to 
be determined. 

If the resorption of water in the endometrium is regarded as one of the 
unmediate causes of tissue breakdown at menstruation, it is plain, too, 
^bis effect is specific, for, as the above experiments show, cortin 
‘ ppears to be ineffective in retaining in the endometrium water that has 
^ ^ oestrogenic, and probably luteal, stimula- 

* 111 this respect the sexual skin appears to differ from the uterus, for 
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if (leliydnition of tlio eiuloinutriiun is a iiecc&'.sary condition of uterine 
bleeding, it would .seem tliut proge.sterono and te.stosterone can stimulate 
tho retention of water in the endoniotrium although they cannot do so in 
the .sexual .skin. 

SU.M.'U.VUV 

1. Largo do.ses of oe.strune injected daily during the post-ovulation 
pha.se of the men.strual cycle of the pig-tailed monkey lead to swelling of 
tho sexual skin. The swelling is due to tho accumulation of water in the 
skin. 

' 2 . The fact that swelling does not occur during this phase of tho normal 
cycle shows that the proge.sterone produced by the corpus luteum is un- 
able to retain in tho se.xual skin the water deposited there as a result of 
oestrogenic stimulation during the pre-ovulation phase. 

:J. Testosterone j)roj)ionate and cortin injected into spaj’ed monkeys 
do not lead to the retention, in the sexual skin, of w’ater that has accu- 
mulated there as a result of i)reviou.s injections of oestrone. 

4. I'lio injection of vasopressin at short intervals delays the resorption 
of sexual-skin swelling. 

5. Neither cortin nor vasopressin appears to be able to inhibit post- 
oestrogen bleeding in monkeys. Both progesterone and testosterone do. 

For tho hor-niones used in these e.xperiments I am much indebted to 
Dr. K. Miescher of the Ciba Company, to Dr. G. F. Cartland of the Upjohn 
Compiuiy, to Dr. Norman Evers of Allen & Hanbury, Ltd., and to Dr. 
Stanley White of tho Parke Davis Company. The animals used in this study 
were bought with the aid of a grant from the Medical Research Council, 
and the work was also sujDjDorted by a grant from the Nuffield Medical 
Committee, Oxford. 
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(IL-cwvd 7 June I'KiO) 

CoLLir uiul Anderson [ID.'M] first demonstrated the antihormone pro- 
perties in tlic serum of rats receiving prolonged courses of injections of 
anterior pituitary extract. Since then such inhibitory sera to many 
different pituitary and other hormones liavo been prepared in a variety 
of animal species. Opinion is still divided as to the nature of the inhibitory 
substances. Collip and his co-workers regard them as antagonistic hor- 
mones, basing their views mainly on the results of experiments which 
show that air animal can produce inhibitory substances to pituitary 
hormones of its own species [Selye, Collip, and Thompson, 193-1; Collip, 
1937], and believe that such inhibitory substances may be normally 
present in the serum. Hesults obtained by other investigators, however, 
show that continued injection of hormone extracts from a species foreign 
to that used for tho production of antihormones is essential [Katzman, 
Wade, and Doisy, 1937; Thompson, 1937]. 

There is much in favour of the view that the inhibitory substance is a 
true antibody. Thus tho physico-chemical properties have been thoroughly 
investigated by Harington and Rowlands [1937], as well as Zondek and 
Sulman [1937 a, 6] and Zondek, Sulman, and Hochman [1938 a], and 
found to correspond closely to those of antibodies in general. The impor- 
tance of an active reticulo-endothelial system for the production of anti- 
hormones, as shown by Gordon, Kleinberg, and Charipper [1937], also 
favours an immunological mechanism. 

In most experiments, crude pituitary extracts have been used for im- 
munization. The antisera so obtained, in spite of a marked mhibitory 
effect on the hormonal activity of the crude extracts, may fail to reduce 
the response to more highly purified extracts from the same source. It 
has been stated, indeed, that such highly purified extracts do not evoke 
the formation of inhibitory substances when injected in the same dosage 
and over a similar period of time [Werner, 1936 a, 6]. Brandt and Gold- 
hammer [1938 6] found that a heat-inactivated hormone was as capable 
of producing the inhibitory substance as the unheated preparation, 
Zondek et al. [1938], on the other hand, hold that boiling does not com- 
pletely inactivate the urinary gonadotrophin (prolan), and that the power 
of stimulating the production of antihormones depends on the residue of 
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evidence that hormone ,ent toxins act exceUently 

^hich have lost the and the fact that boiling 

as antigens for the production of ^ protein is shown by 

does not necessarily destroy the an g ^^^iti^ation of guinea-pigs 

the abihty of boiled protems to V ^ l^oPed prolan used m 

[seeDoerr. 1929]. It is possible to the residue of 

the experiments of or^activated material still capable of 

active hormone, a proportion ^ tViP hormone, 

stimulating the production of ° ° conclusion that hormone 

Even if Werner and others are ng „T,tihormone production, this 

activity is not essential ^^^g inhibitory substance may be a 

would not exclude the possibihty that the mm y 

“«.ies of the participation 

are, indeed, somewhat various and comp ca qjo protein thyro- 

aminc-acid entering into the stacture “ ^ ftt^globdin 

globnlin. Stokinger and Heidelberger find [l^V] that ajh^^ g 
has antigenic specificities related to the specie , and are not 

origin, and that these are dne to its whole molecnlar 

specially determined by the iodine-containing ammo aci could 

iito its constitution. Rosen and Marine [1937] found that 
produce a precipitating antibody to ox thyroglohulm, u a 
did not interfem ivith the rise in basal metabolic rate produced by^n 
injection of the same thyroglohulin. Stokinger and Hei e e g 
that thjToxine did not react with or interfere with t e ac r 

cipitin for a thryoglobulin. In such natural combina ion, 1^4 

thjToxine appears to act merely as a constituent amino-aci o a c j 
protein antigen, and not as a haptene. Glutton, Harington, an 
[1038], on the other hand, have shown that thyroxine can act as a ap 
when artificially combined with proteins, so that an antiserum prepar 
^igainst such a complex artificial antigen will neutralize the phj sio o^ 
action of thyroxine itself, though producing no visible precipitate ^ ' 
^his last observation may have great significance for our problem o 
nature of the antihormones. Free hormones of the chemical simplicity 
thyroxine, or oestrone, would not be expected to act as antigens. 

of insulin, which is a relatively^ complex peptide, there are 
tioUvS on record suggesting its action as an anaphylactic antigen, ^v'lt^ 
itlcntical specificity^ whatever the species of its origin [Lewis, 

I'hese observations need confirmation, since it is as difficult with 
with honnones of simpler constitution to imagine that an 
produce an antibody in response to a single injection of a substance 
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tho eiulocriiio system is constantly injecting into its circulation. Any 
such hormone, on the other hand, might act as a hapteno in suitable 
combination with a foreign j)rotein carrier. 

There is yet no precise knowledge of the chemical nature of the anterior 
pituitary hormones, or tho principles of similar activity found in the 
urine of pregnancy, but it is known that they are relatively complex and 
thermolabilo substances. 'L'his group includes the only hormone prepara- 
tions which, hitherto, have been found to evoke the apj)earance in the 
blood of the inhibitory substances or ‘antihormones’. They are as yet 
obtainable only in complex extracts, in which the essential hormones are 
probably associated with substances of a protein type and usually from 
a species foreign to the experimental animal in which the production of 
tho antihormones is studied. Such a hormone, even if its structure is 
identical over a wide range of species, miglit conceivabl}' act as a haptene, 
if suitably associated with a species-limited or organ speeific carrier. A 
precipitating antibody formed in response to such a complex might give 
a precipitate in this case with the hormone-hajitene, or, as in the case 
already' mentioned of thy^roxino in artificial combination, might neutralize 
tho hormone activity without forming a precipitate, except when the 
hormone is linked to tho antigenic carrier. 

Tests in vitro for antihoi-mones have so far been inconclusive, mainly 
on account of tho fact that the antigens used have been relatively crude 
extracts of pituitary glands, urine, or serum, containing a multiplicity of 
antigens. Only relatively crude, qualitative methods have therefore been 
possible. 

Complement fixation tests have been employed by Bachman [1935], who 
concludes that the complement-fixing and hormone inhibitory powers of 
antisera to extracts from urine of pregnancy do not run parallel. Similar 
conclusions are reached by Brandt and Goldhammer [1936]. Eichbaum 
and Kindermann [1935, 1936], using anterior pituitary extracts, conclude 
that the antiserum contains complement-fixing antibodies specific for the 
pituitary thyrotrophic hormone. They were, however, unable to demon- 
strate hormone-specific antibodies to urinary gonadotrophic extracts. 
Sulman [1937], using relatively crude pregnancy imine extracts, obtained 
complement fixation with antisera prepared against crude prolan, but a 
negative result when a highly purified extract (pure prolan) was used as 
antigen in the test. He concludes that pure prolan is not antigenic. 

Using the ring test method, Twombly [1936] demonstrated precipitins 
with the serum of rabbits immunized to gonadotrophic extracts of preg- 
nancy urine, and found that their appearance in the antisera coincided 
with that of the hormone-inhibiting substance. 

The experiments here described were undertaken in the liope that 
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clearer evidence of the nature of the so-called antihormones, and parti- 
cularly of their relation to the antibodies demonstrable by reactions in 
vitro, might be obtained by using preparations of the highest activity 
which purification could produce, and still capable of evoking the appear- 
ance in the blood-serum of inhibitory substances or antihormones, when 
given in a suitable series of injections. 

For this reason, purified gonadotrophic extracts from pregnancy urine 
were used. It was hoped that quantitative serological methods would 
make it possible to determine whether the inhibitory power of a serum 
was or was not dependent on its antibody content. If the antibody nature 
of the inhibitory substance could be established by these methods, the 
same antisera could then be used to investigate the immunological 
importance of the hormone-active part of the antigen. If the hormone 
acts as a specific haptene, or if antibodies are formed, which are specific 
for the carrier in a hormone-antigen complex, the amounts of different 
urinary extracts required for complete precipitation with the same 
amount of antiserum would be expected to show an inverse relationship 
to the biological activities of the extracts- In other words, activity as 
hormone and activity as antigen ought to vary together. 


Methous 

Biological assay of extracts. These were kindly performed by Dr. I. W. 
Rowlands. Several commercial preparations of the gonadotrophic hor- 
mone of the urine of pregnant women were used. In addition, use was 
ako made of an extract from the urine of men. This extract was kindly 
prepared by Organon Laboratory by a method identical with that used 
m the manufacture of Pregnyl. The biological activity of these extracts 
(see Table I) was determined by their ability to stimulate the ovaries of 
the immature rat. Groups of 5-10 rats, weighing 40-50 g., were injected 
subcutaneously, once daily for 5 days, with the extract dissolved in a 
standard volume of 1 c.c. of distilled water. The animals were kiUed 24 
lours after the last injection, the ovaries and uteri dissected, and, after 
•nation in Bouin’s fluid overnight, were weighed from 70% alcohol. 

A dose-response curve (Fig. 1) was constructed from the extract 
\ I'egnyb UP27), which was used in the production of the inhibitory 
sera. From this curve the comparative activity of all other extracts was 
calculating the amount of each substance which is equiva- 
«^*Tabll I^^' ^ ^ standard for the purpose. The data are given 

of antisera. The activity of each serum was deter- 
rat r inhibit the action, on the ovaries of the immature 

' > 0 a standard amount (0-05 mg.) of the extract UP27. Both extract 
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and anti.si'fiim were injected sinudtnneoiiHly, on opijo-sitc sides of the 
aniniid, once daily for a days, subsequent treatment being the same as 
that described lor tlio assay of the extract. A group of 5 or 10 rats was 
used for each antiserum. 



0C6 0** 

DOSE OF UP 27 (mg.) 

Fio. 1. Curvo showing tho uvorago weights of ovaries in groups of rats given varying 

amounts of UP- 7 (Prcgnyl) 

The degree of inhibition which is observed can be calculated by translat- 
ing the response obtained in terms of an amount of extract, by reference 
to the dose-response curve (Fig. 1). Subtraction of the amount so cal- 
culated from the quantity of extract injected gives the amount of hoi’inone 

Table I 

Hormone activity on 


Extract rat ovaries 

Pregnyl (Orgemon) UP27 1*0 

♦Physox (Leo) UP24 0*17 

♦Follutein (Squibb) PU3 0-2 

Gonan (British Drug Houses) UP16 0*3 
Male Urine (Organon) MUG28 0*004 

Prolan (Bayer) UP28 1*6 


* These preparations wore dilutions of the purified extract with 90 p.c. or more of lactose. 

The hormone activity is expressed as the equivalent in mg. of UP27, of 1*0 mg. of each 
preparation used, all having been assayed by the same method. 
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inhibited by a known amount of antiserum. All the results are expressed 
as the amounts of extract {XJP27) inhibited by 1 c.c. of antiserum. 

Preparation of inhibitory sera. Each of ten rabbits (AUPll— 20) was 
given daily subcutaneous injections of 2-5 mg. of an extract of pregnancy 
urine (Pregnyl, UP27) over a period of 7-8 months. The animals were 
bled after 3-| months of immunization, and thereafter at monthly inter- 
vals. Injections of hormone were suspended for the two days preceding 
each bleeding. 

The blood was allowed to clot at room temperature, when the serum 
was pipetted off and freed from red cells by vigorous centrifugation* 
After standing overnight at 0° C., any of the sera that were cloudy from 
precipitation of lipoids were cleared by passage through a Seitz filter* 
AH were stored in the frozen state. 

The second, fourth, and sixth bleedings (B, D, E) of five of the rabbits 
(11, 14, 15, 16, and 18) were tested separately. The remaining sera of 
each bleeding were pooled, making a mixed sample for each length of 
immunization. There were, therefore, 15 individual samples and 6 pools 
for investigation. 


Precipitation reactions. When only a qualitative test for the presence 
of precipitins was required, ring tests were done ; increasing dilutions of 
antigens in Od c.c. volume were layered over an equal volume of undiluted 
antiserum, and the tubes examined at fixed intervals for the presence of 
rings. After standing for 1| hours, the tubes were shaken, and examined 
6 to 12 hours later for the presence of opalescence or precipitates. In 
many cases a rough indication of the amount of precipitin present could 
be obtained by picking the tube with the coarsest particles at this time* 
For the quantitive estimate of precipitins the optimal proportions 
method of Dean and Webb [1926] was employed. In view of the delicacy 
of the precipitates formed, it was important to use thoroughly cleaned, 
^^nscratched test-tubes of uniform diameter. 


^ In earlier experiments, numerous technical difficulties were encountered, 
f bus antisera obtained after only a short period of immunization reacted 
only very slowly if the antisera were used in a five- or tenfold dilution* 
kh higher concentrations of such antisera, precipitates w^ere denser 
formed more rapidly, but the small quantities of serum available 
c its use without dilution in quantitative tests impracticable. After 
more prolonged immunization, it became possible to use serum 1/2-5 or 
ut even then, in many cases, precipitates were so fine, and formed so 
ami ^ optimal tube could be selected only with great difficulty, 

instances ‘first particulation’ occurred in a wide zone of 

concentrations. 


In all the experiments reported here, antiserum was diluted 2-5 


o or o 
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times. Of this dilution, 0*5 c.c. was mi.xcd with an equal volume of antigen 
solution in each tube ot the te.st. Rough tests, in which the concentration 
ot antigen was halved in suece.ssive tubes, gave an approximate indication 
of the amount ol precipitin present. Tiiese mixtures were kept at room 
temperature and examined at Irequent i/itervals for 4-0 liours, and again 
after a further period of 12-24 hours. In this way it was found possible 
to determine the first zone of flocculation as well as any subsidiary zones, 
which often occurred later. In the subsequent finer tests, the amounts of 
antigen in successive tubes differed by as small a proportion as was com- 
patible with accurate determination of an optimum. A fairly wide 
margin of antigen excess was allowed for in the fine tests. The tubes were 
observed for the first opalescence. An attempt was then made to deter- 
mine the first flocculating tube, with the aid of a Jiand lens. This, owing 
to the delicacy of the precipitate, was not always possible, and the first 
flocculation was then determined by careful observation of the particles 
as they became visible to the naked eye. Even then it was sometimes 
impossible to decide with certainty in ■which of two or three tubes parti- 
culation occurred first. The selection of an optimal mixture was then 
based on the coarseness of the particles. All tests were kept imder observa- 
tion, at least until sedimentation of floccules in the optimal zone had com- 
menced. The amount of antigen at optimal proportions with 1-0 c.c. of 
each antiserum was calculated from an average between the antigen 
concentrations in the first and second flocculating tubes of the fine test. 

All the antigens used were tested also with two batches of pooled 
normal rabbit serum. Non-specific precipitation was found to occur, 
after G hours or more, only with the higher antigen concentrations. 

The amounts of precipitin for human serum were similarly determined 
by rough and fine tests. 

In the hope of increasing the speed of precipitation and the bulk of the 
precipitate, attempts were made to adsoi’b the antigen on finely divided 
particulate substances such as collodion particles, or colloidal carbon. 
In no case, however, was the result significantly different from that 
obtained with unadsorbed antigen. 

Results 

Precipitation Reactions with Pregnyl 

Results obtained with the precipitation reaction show that the urinaiy 
gonadotrophic extracts cannot be regarded as immunologically pure 
substances, in spite of the high degree of purity suggested by the activity 
per unit weight. The complex antigenic nature of the extracts is sug- 
gested, but not proved, by a second zone of flocculation. In most cases, 
where two zones occurred they appeared at widely different antigen con- 
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centratious, but in one or two instances they were closely adjacent, 
resulting in one wide range of flocculation. This probably accounts for 
the difficulties experienced in earlier experiments where, o^ving to slow- 
ness of precipitation, the multiplicity of zones was not noticed, and 
particles appeared to form simultaneously in four or more tubes of the 
rough test. Owing to the constancy with which the same zones occurred 
in these experiments, it was thought probable that the optimal zone was 
related to the same antigen throughout. The only apparent exceptions 
are the three sera of rabbit 14, where first particulation occurred over a 
range of antigen concentrations different from that obtained with the 


other sera. 
Table II. 

Amount of 
Pregnyl 

A typical example of a precipitation reaction 

Table II 

is given in 

Saline 

in rag. 

Araount of 
Anti ‘Serum 

in c.c. 

5 

2-5 

1-25 

0*625 

0*31 0*16 

0*08 

0-04 

0*02 

0*01 

con- 

trol 

AUP18B 

0-1 

O'l 

01 

0*1 

0*1 0*1 

0-1 

0*1 

0*1 

0*1 

0*1 

10 minutes 

— 


0~ 

0 

0 0— 

0— 

0= 

— 

— 

— . 

^5 „ 



0— 

OvfP 

Zone 

OvfP 0 — 

1 Stop- 

gap 

0— 

Zono 

2 






. — - 

0 — 

OvfP 

OvfP 0 

OvfP 

0— 

0= 

— 

— . 

1 hour 

— 


0 — ' 

OvfP 

OvfP OvfP 

OvfP 

0 — vfP 

0= 

— 

— . 


— 

0== 

0— VfP OfP 

OfP OfP 

OfP 

0 — vfP 0= 

— 

— 


Result of Rough Test showing two zones : 

Ist: 1*0 c.c. = 6*25 — 3*1 mg. Pregnyl 
(with subsequent fine tests the optimal was determined at 4;5*25 mg.) 

2nd; 1-0 c.c.^0-8 mg. 

—1 very faint opalescence; 0 — , slight opalescence; 0, opalescence; vfP, very fine par- 
ic es; fp^ particles. Stop-gap; Tube showing only persistent opalescence, interposed 
c wcea two zones of flocculation. 


Complex antigenic nature of Pregnyl. The presence of zoning alone 
ca^ot be regarded as proof of the presence of multiple antigens in the 
urinary extracts. According to Kabat and Heidelberger [1937], however, 
complexity of antigen can he sho%vn by the presence of antigen or antibody 
“I the supematent fluid of ‘equivalence zones’, after removal of specific 
To apply this test, five 10-c.c. quantities of a pooled serum 
were absorbed in weighed conical Monax centrifuge tubes, 
we ^ amounts of UP27 dissolved in 10 c.c, of saline. The reagents 

prcc' ^ <^ontacb for 2 hours at 37° and overm'ght in the icebox. '^The 
centrifuged do^ra, and the supernatant fluids 
tt. The precipitates were washed ouce in saline, and once in 
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distilled wivtc'r. (No heat coagtdubie protein was present in the water 
alter the .seeoiul washing.) 'Fhey were then dried to con.stant wciglit over 
phosplmrus pento.xide in liigli vacuum. After tlie dry weights of the 
precipitates liad been obtained, tlie total nitrogen of each wa.s determined 
by the niiero-Kjeldahl method. The absorbed sera were tested for free 
antigen, by layering OT e.c. cpianlities of progressive dilutions over an 
eriual volume ot unabsorbed serum. 'I'he tests were observ'ed for rings at 
15-, :10-, and GO-minuto intervals. No readings were taken after standing 
overnight owing to confusion arising from non-specific precipitation 
which occurs in higher antigen concentrations. For free antibody, ring 
tests were done, using the homologous antigen (Pregnyl). In addition, 
each absorbed sample was tested for its power to inhibit the action of a 
small test dose (0-02;‘) mg.) of Pregnyl in immature rats. The results are 
recorded in Table III. 





Table III 





Amount of 

^Veight of 




\Vt, of ovary 


Pri'gnyl 

spoeiiic 




after 0*04 c.c. 


added por 

preeipitato 

Nitrogen 

Kreo 

F roo 

absorbed serum 


c\e. anti- 

from 10 e.e. 

in total 

anti- 

anti- 

'f 0*025 ing. 


.serum 

Horum 

preeipitato 

gen 

body 

Pregnyl 


mg. 

mg. 

mg. 



mg. 

1 

4*0 

3-3 

0*54 

-f- -r 

— 

23-5 

•> 

♦2*75 

2*8 

0*54 


— 

22 

3 

1-37 

2-8 

0-57 

4* 

— 

•>*> 

4 

Odi 

2-7 

0-50 

-f- 

4- 

15 

5 

0-3 

2*0 

0-41 

-f- 


11 


C Control of unubsorbocl antisoruin and Pregnyl 15 

7 Control of Pregnyl alono 19*3 


♦Amount at optimal proportions with tho antiserum. 

The presence of excess of antigen in all the tubes is in favour of the 
complex antigenic nature of Pregnyl. The results of the tests for excess 
of antibody shown in the table cannot be accepted with much confidence. 
Visible rings could not be obtained in control experiments with unabsorbed 
serum diluted 10 times. Traces of free antibody may therefore have been 
present in 1, 2, and 3, in insufficient amounts to be demonstrable by the 
test. The experiment was repeated, using an antiserum (AUP, Pool P) 
in which antibody content was higher and speed flocculation more rapid. 
A similar result was obtained as regards presence of antigen in the super- 
natant fluid of the tube precipitated at the optimal ratio, and, in addition, 
the presence of antibody, even in the tubes absorbed at antigen excess, 
was shown by the development of opalescence in such tubes with the ring 
test. It can therefore be concluded that the supernatant in the ‘equiva- 
lence’ tube contained both free antigen and antibody. Pregnyl must 
therefore contain more than one precipitinogen. The very small buUf of 
the precipitate obtained from 10 c.c. of the antiserum, whether at optimal 
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ratio or vnth antigen excess, shows further that only a small iaction of 
the total weight of urinary extract can be active as precipitating antigen 
in these experiments. 

In these circumstances, a study of the results of such tests in vitro 
cannot he expected to give a definite answer to the question, whether the 
substance in the sera which inhibits the hormone is concerned in the 
visible reactions with precipitating antibodies. More than one precipitat- 
ing antigen being present, and the supernatant fluid from an optimal 
reaction containing both antigen and antibody, the biological tests of 
such fluids would in any case be difficult to interpret. The results in 
Table III show further that the biological test has a very low quantitative 
accuracy. The biological tests on tubes 5 and 6, if taken at their face 
value, would indicate that the untreated antiserum has a lower inhibitory 
action on the preparation UP 27 than it has after absorption with 0-3 mg. 
of that preparation per c.c. 


Rdaiions between Precipitin Content and the Inhibitory Action on Gonado- 
trophic Hormone 

Comparison between the precipitin content of the antisera used, and their 
power to inhibit the effect of the homologous hormone on the ovary weight 
of immature rats. The results are summarized in Table IV. The figures 
demonstrate that no correlation exists between the precipitin content of the 
sera and their biological inhibitory power. In the earlier bleedings. A, B, 
and C, the results obtained with the precipitin reaction are higher. With 
bleeding D there is more apparent correlation, although the results of the 
biological tests are now slightly greater. The results mth E and F anti- 
sera show an increasing discrepancy, the values obtained mth the pre- 
cipitin reaction remaining more or less constant, whilst the biological 
inhibitory power steadily increases. 

The results are expressed graphically in Fig. 2. Each point represents 
an average value of all the results Avith antisera of each bleeding ; thus 
fro B, B, and F readings take into account also the results obtained with 
the individual bleedings of rabbits 11, 14, 15, 16, and 18. It is seen 
t at the precipitin values for the individual bleedings of rabbit 14 are all 
o^er than in the corresponding bleedings of the other rabbits. The 
can probably be explained by the fact that first flocculation 
le serum samples of rabbit 14 o<*curred in a zone which, for the sera 
p* ! ^7 rabbits, was only subsidiary. If, however, in constructing 
Jg* the precipitins in the sera 14 B, D, and F are not included, the shape 
for i\ ^ precipitins to Pregnyl is not significantly altered. A curve 
*'‘cen r precipitin for human serum is also shown, and can be 

Q run parallel to that for the luecipitins of UP27. As will be 


seen 
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hi ter, iibsorptioii witli luuiuui soruiu does not rcinovo all the precipitins 
present in the uniisera. 

The 2 ^owcr of anliprajnul [U P21) sera to precipitate other known gonado- 
trophic extracts of pregnancy urine, ^riie ])rcpanitions used are given in 
lublo 1. All these extracts reacted to antipregnyl sera with the optimal 
proportions method. With Physex and Follutein zoning was less frequent 
and not always clearly defined, but the determination of optima in fine 
tests was no more ditlieult tiuui with Pregnyl. They were all tested with 
two or three samples ot the pooled sera A, 13, and C. Results are tabulated 
in Table 


Table IV 


*Scruin 

Biological 

Precipitin 

UP27 

Precipitin 
I[ sorum 

Zones 

Pool A 

1*75 

2*75 

0 0032 

— 

B 

2*0 

2*75 

0*0031 

— 

0 

2*8 

5*25 

0*0051 

— 

B 

5*0 

4*5 

0-0045 

— 

.. B 

0*0 

4*5 

0*0037 

— 

o F 

10*0 

5*0 

0*0037 

— 

11 B 

1*7 

50 

0*0017 

— 

14 B 

1*75 

0*87 

0*0017 

at 3*25 mg. 

15 B 

3*5 

4*5 

0*0050 

„ 0-8 mg. 

16 B 

1*85 

3*6 

0*0006 

? „ 0-8 mg. 

IS B 

1*65 

5*6 

0*0055 

„ 0-8 mg. 

11 D 

2*8 

0*5 

0*0022 

„ 0-8-1-6 mg. 

14 D 

3*7 

M2 

0*0027 

— 

15 D 

7*4 

8*75 

0*0085 

— 

10 D 

3*7 

5*0 

0*0022 

„ O-S-1-6 mg. 

18 D 

4*7 

8*0 

0*0044 

— 

11 F 

5*0 

4*5 

— 

„ 0-8 mg. 

14 F 

5*0 

2*25 

— 

— 

15 F 

11*2 

9*0 

— 

— 

16 F 

7*4 

4*5 

— 

Very wide opti- 
mal zone 

18 F 

4*6 

7*5 

— 

— 


Biological activity rofora to tho niuiibor of milligrams of IJP27 inhibited by 10 c.c. of tho 
serum in tho rao tost. Precipitin UP27 = number of milligi'ams of tho hormone at optimal 
proportions with 1*0 c.c., and Precipitin H sorum = number of c.c. of himian serum at 
optimal proportions w*th 1*0 c.c, Tho samo batch of human sorum was used throughout. 


Antiserum 

AUP, Pool A 
AUP, Pool B 

AUP, Pool C 


Pregnyl Physox 


2*76 

2-75 


2-76 

2*75 


6-86 

6*25 


M4 

1*04 


Table V 

Follutoin 

X / ^ X 

1*75 0*36 
not tested 


Gonon Male Urino Prolan 




0*6 0*18 
not testod 

0*6 0*18 


4*5 

3*25 

3*1- 

6*2 


0*018 

0*013 

0 * 012 - 

0*024 


0*225 

0*225 


0*36 

0*36 


_-26 6-25 6-8 1-13 1'4 0-3 0-6 0-18 6-2 0-024 0-25 0-40 

Tho fii'st column imder tho name of each extract refers to tho amount in milligrams o 
tho extract at optimal proportions with 1*0 c.c. of the antiserum, and the second column 
represents the equivalent hormone activity of that value in terms of UP27. They 
calculated from tho values of tho various preparations, as given in Table III. 
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The amount of an extract at optimal proportions with 1-0 c.c. of the anti- 
serum is therefore not related to the hormone content of the extract. 

Absorption Experiments 

To show the effect of removing antibodies to antigens characteristic of 
the urine but not of the hormone preparation on the inhibitory power of 
the antisera, antiserum AUP, Pool C, was absorbed at optimal proportions 



PERIOD OF IMMUNIZATION IN MONTHS 

Fio. 2. □ □ shows the amount in milligrams of UP27 at optimal proportions in 

the precipitation reaction with 1*0 c.c. of antiserum; X X the amount of XJP27 

inhibited by 1*0 c.c. in the rat test; and O O the amount in c.c, of human serum at 

optimal proportions with 1*0 c.c. of the antiserum. The scale for the amoimt of human 
6crum precipitated is shown on the right, and bears no relation to that for UP27; 
and curve o O is included in the same figure as the other two for convenience only. 

with normal human serum (0-052 c.c. in 2*0 c.c. saline added to 10 c.c. of 
antiserum) for 2 hours at 37° and 2 days in the icebox. The absorbed 
serum, when tested biologically, was able to neutralize the action of 
2-G4 mg, hormone per c.c., which does not differ significantly from the 
amount neutralized by the unabsorbed serum (2*8 mg. per c.c.). 

The total weight of the precipitate produced by human serum from 
10 c.c. of antiserum was 1*5 mg. Precipitins for human serum were now 
absent, but precipitins for Pregnyl could still be demonstrated by ring tests. 

x\bsorption of urinary precipitins from antiserum AUP, Pool B, by 
contact with an extract of the urine of males (:MUG28) at the optimal 
ratio, produced a specific precipitate of 2-8 mg. from 10 c.c. of antiserum. 
Such absorbed serum no longer contained a measurable amount of pre- 
cipitins for Pregnyl, but was stiU able to inhibit the action of Pregnyl 
when tested in rats, though the inhibitory power had been reducctl by 
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Jipproximutoly oiio-lialf. Siiniliirly, absorption by the extract of the urine 
of males at optimal proportions of a din'erent serum sample, AUP, PoolF, 
led to completo loss ot i>ve.eipitinH for tlm extract of the urine of males and 
for Preynyl, but the antiserum still retained one-third of its original in- 
hibitory power for Pregnyl. One cubic cetitimetrc of this antiserum 
neutralized the activ'ity ot 2’,S mg. Pregnyl alter absorption as compared 
with ^ 10 mg. before absorption. 

Discussion 

While the e.xperiments here re[)orted have not given the clear answer 
which it was hopetl to obtain concerning the nature of the antihorniones, 
they atlortl useful information in several directions with regard to the 
antigens present in a purified gonadotrophic urinary extract, and the 
antibodies to them, which are formed in response to the long course of 
daily injections used to ])roduee antihormones inhibiting the gonadotro- 
phic activity. 

An antiserum so prepared against one such extract, Pregnyl, has been 
shown to contain precipitins, demonstrable by quantitative methods, not 
only with Pregnyl itself as the combining antigen, but also with the most 
highly purified urinary gonadotrophins available, as judged by the relation 
between weight and activity. This finding contrasts with that of Sulman, 
who foiled to obtain complement fixation with Prolan as antigen. The 
fact, how'ever, that precipitins can thus be demonstrated in a serum with 
antihorniono activity does not identify the antihormone as a precipitin, 
or the hormone itself, or its complex, with a carrier, as a precipitinogen. 
The amount of specific precipitate obtained at optimal proportions is so 
small that only a small fraction of the material of the urinary extract can 
be concerned as an antigen in its formation ; and this small fraction might 
consist entirely of substances containing no hormone, even with the most 
highly purified and active extracts yet available. 

It has long been known that normal urine contains colloidal, non- 
dialysable constituents, which can act as precipitinogens [Doerr and Pick, 
1914; Landsteiner and v. Eissler, quoted from Rhein, 1913] and render 
guinea-pigs actively anaph 3 dactic [Uhlenhuth and Haendel, 1910; Rhein; 
Uhlenhuth and Seiffert, 1929]. According to Savare [1907], the amount 
of non-dialysable material in normal urines, and in urines from the later 
stages of pregnancy, is approximately the same. It is very probable, then, 
that the precipitins which have been found in the antiserum produced by 
long immunization against a urinary gonadotrophic extract w'ere largely 
of the same kind as those which Doerr and Pick obtained against con- 
stituents of normal urine. Some light is thrown upon the relation of the 
antihormone to the precipitins by certain of the data recorded in this 
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paper. The quantitative precipitation reactions showing the presence of 
zones, and the incompleteness of the precipitation of either antigens or 
antibodies fcom a mixture at optimal proportions, show clearty that 
several antigens were present in the extract used for immunization. When 
the quantity required to produce optimal precipitation, with a fixed 
amount of an antiserum, is determined for each of a series of gonadotrophic 
urinary extracts of varying degrees of purification, the quantities so 
determined exhibit a wide range of different gonadotrophic activities. 
Such data, however, merely prove that the extracts contain, in varying 
proportions, precipitinogens which have no hormone action; they leave 
open the question whether the hormone, as present in the extract, is 
wholly or partly associated with a precipitinogen. Absorption experi- 
ments show that an extract of the urine of males removes precipitins from 
an antiserum as completely as a gonadotrophin from pregnancy urine 
(Pregnyl), and greatly reduces the antihormone activity’. This, however, 
may only mean that the precipitinogenic colloids are the same in the 
urine of males as in that of pregnant females, and that a part of the gonado- 
trophic hormone present in the latter is associated with a normal pre- 
cipitinogenic colloid to form a complex antigen. 

The fact that the antiserum, after absorption uith the extract of the 
urine of males, still possesses antihormone activity, though a weakened one, 
might be due to another type of antibody evoked by an antigen in which 
the hormone plays the part of a specific haptene and is associated wth 
another urinary colloid. 

Comparison of the rate of appearance of antigonadotrophic activity in 
the serum, during the long course of immunization, with the rate of appear- 
ance of precipitins for the constituents characteristic of urine, and for 
normal Imman proteins, determined in both cases by quantitative pre- 
cipitation reactions, shows that the precipitins rise to a maximum at a stage 
when the antigonadotrophic action is still increasing, and that the latter 
continues to rise steeply, while no further increase of precipitins can be 
detected. This seems to indicate, like the other evidence, that tlie anti- 
gonadotrophic substance has not the nature of a precipitin. If the hor- 
mone were acting as a haptene attached to a precipitinogenic antigen, 
the maximum antigonadotrophic action might be expected to appear 
with the maximal precipitin content of the serum. Even such a deduction, 
however, cannot be made with certainty. If the hormone was chiefly 
associated with one of the urinary precipitinogens, which was either very 
i'mall in amount or weak and delayed in its antigenic action, the anti- 
gonadotrophic action might continue to rise steeply at a sta^e of the 
uumuni/.ation when no measurable addition was being made to the ore 
cjpitni content. 
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Tlioio id furtlier tlio poddibility tluit tlie liormono may be pieclominantl 
asdociatod with a urinary coiidtituont, which acts as an antigen, bu 
evokes an antibody of a kind yielding no actual precipitate under tli 
particular conditions of tlve tests. In eitiier case it is clear tliat there ar 
possibilities of o.xplaining the antigonadotropliic action, without assuin 
ing tluit it is not due to a true antibody, or, if it bo due to an antibod}’ 
that the free hormone, if it could bo obtained, would act as a compleb 
antigen. 

It is also clear, however, that the preparations of the urinary gonado 
trophin yet available are still so comple.x in their antigenic structure thai 
they are unsuited for study by accurate serological methods with anti 
sera obtained after a course of injections so long and so frequent as tlial 
required to obtain a strong antigonadotropliic action. Definite evidence 
as to the nature of the antihormono cannot be obtained by such methods, 
unless a preparation should become available which is strong in hormone 
activity and makes a much nearer approach to immunological purity. 

SUALMAUY 

Antisera to an active gonadotrophic e.xtract of pregnancy urine contain 
precipitins demonstrable with a variety of urinary extracts, independent 
of their hormone activity. The amounts of precipitins present could be 
determined by optimal proportions. 

Precipitin content and antigonadotropliic power showed no constant 
relationship to each other. 

Pregnancy urine extracts contain multiple antigens. 

Absorption of precipitins by an extract of the urine of males resulted 
also in the removal of aU precipitins for minary gonadotrophic extracts, 
but only partly reduced the biological inhibitoiy power. On the other 
hand, absorption of precipitins for human serum only slightly reduced 
the precipitins for urinary extracts, and left the biological inhibitory 
power completely unimpaired. 

I wish to express my thanks to the manufacturers who have supplied 
hormone extracts for this work, and especially the Organon Laboratories, 
who prepared the extract of the urine of males and supphed a generous 
amount of Pregnyl ; and also to Dr. I. W. Rowlands, ivlio has very kindly 
performed all the biological tests. 
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THE RATE OF APPEARANCE OF ANTI-LUTEIN- 
IZING ACTIVITY IN THE SERUM OF RABBITS 
INJECTED WITH EXTRACT OF OX PITUITARY 

GLAND 
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Hampdead, jY. )l'. 3 

{Itcccived 12 Jane 1030) 

In recent experiinenta it was found possible to change the qualitative 
nature of the response of the ovaries of the iinniature rat to injections of 
a gonadotrophic extract of gelding pituitary gland by the simultaneous 
administration of an antigonadotrophic serum obtained by immunizing 
rabbits with an extract of ox pituitary gland [Rowlands, 1938]. When 
the dose of antiserum was carefully adjusted, the luteiiu'zing activity 
of the extract was inhibited completely and selectively, and the ovaries of 
the immature test rats responded only by follicular growth. This purely 
follicle-stimulating effect could not bo produced by an amount of extract 
of gelding pituitary gland alone, which was capable of causing a similar 
increase in ovarian weight. 

This result was tentatively explained as being due to the facts that 
extracts of gelding jjituitary gland have much follicle-stimulating activity 
and little luteinizing activity, whereas e.xtracts of ox pituitary gland 
have much luteinizing and little follicle-stimulating activity, so that 
an antiserum to the latter may be exjiected to have much anti-lutein- 
izing activity and little anti-follicle-stimulating activity. Such an anti- 
serum, interacting in suitable amounts with an extract having mostly 
follicle-stimulating activity, would presumably neutralize the small 
amount of luteinizing activity and leave a residue of purely follicle- 
stimulating activity. The effectiveness of an antiserum in making such 
a differential neutralization of an extract is obviousty dependent on its 
exact qualitative properties. Since there is evidence that the qualitative 
properties of antigonadotrophic sera are influenced the period of 
immunization [Rowlands, 1939], the investigation recorded here was 
made to trace the rate of appearance of anti-luteinizing activity in the 
serum of rabbits injected with extracts of ox pituitary gland, and to 
determine the stage of immunization which gives a maximum con- 
centration of anti-luteinizing activity, relative to anti-folliole-stimidating 
activity. 
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ilETHODS 

Six adult female rabbits (ATH 11^19) were given daily subcutaneous 
injections of 25 mg. of an extract of ox pituitary gland (AP14B) sus- 
pended in 5 c.c. of distilled water. They were bled from the marginal ear 
vein at weekly inteiwals after an imtial period of 10 days, and on each 
occasion the samples of serum (Serum B) obtained from the individual 
animals were pooled. The rabbits were bled finally under ether anaesthesia, 
after 12^ weeks of continuous daily injections, and 200 c.c. of serum 
were obtained. 

Each sample of serum was assayed by its capacity to inhibit selectively 
the luteinizing activity of the extract of gelding pituitary gland (AP70B). 
Each week 4 to 5 groups of rats, each consisting of five animals, were 
injected with a constant amount of extract (0-5 mg. daily), and with 
varying amounts of serum. The method of assay was similar to that used 
by Rowlands [1938]. Serial sections were cut, one in five mounted, and 
stained by the histological technique previously described. The criterion 
of follicle stimulation was taken as the presence of large follicles without 
any luteinization of the cells of the membrana granulosa. The results are 
expressed as the percentage number of animals in a group whose ovaries 
show a complete absence of luteinization. The presence, in one animal of 
a group of five, of a single corpus luteura, or even of some slight luteiniza- 
tion of the membrana granulosa of one follicle in an ovarj% can accord- 
ingly change the index by 20%. This occurred occasionally in the experi- 
ments recorded below, so that the percentage figure may give an unduly 
low estimate of the degree to which the luteinizing effect was inhibited 
by the serum. 

Results 

The data relating to the quantitative and qualitative effects of the 
rabbit sera obtained after different periods of injections, on the response 
of the ovaries of the immature rat to the constant amount (2-5 mg.) of 
the extract of gelding pituitary gland (APTOB), are shown in Table I and 
I’ig. 1, This standard amount of e.xtract increases the weight of the 
ovaries of the young rat from the normal of 10 mg. to 54 mg., and incrca.ses 
the weight of the uterus from 20 mg. to 05 mg. The simultaneous injection 
of normal rabbit serum increased tlie quantitative response in the ovaries 
to this amount of extract APTOB (Tabic I), but the amount of .such .-erum 
injected failed, in all rats except one. to give ain* inhibition of the luteiniz- 
ing activity of the extract [Rowlands, 1038]. 

2‘o c.c. and 5 c.c. of serum obtained after a [K-riod of injections la.-ting 
1 \ weeks produced an augmentatory effect on the quantitative re.'>j>on.-e of 
the ovary to the extract APToB, wliicli «ipj>t‘ared to be signiticantly 
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greater than that given by normal rabbit serum. No qualitative effect 
on the response was observed, however, with serum taken at this early 
stage of immunization, as corpora lutea were present in the ovaries of aU 
these rats. Assays carried out with 2-5 c.c. and 5 c.c. of serum taken at 



PERIOD OF IWWUMIZATION (v/EEKS) 

Fig. 1. Tho ofTcct, on 2*5 mg. of the extract AP70B, of 2*5 c.c. anti 5 c.c. of scrum of 
rabbits (Scrum B) obtained at weekly intervals during tbo course of injection witli extract 
of ox pituitary gland (APISB). 

X X = effect of 2-o c.c. of scrum on weight of ovaries. 

X X effect of 2*5 c.c. of scrum on lutcinization. 

• • effect of 5 c.c. on weight of ovaries. 


• =3 effect of 5 c.c. on lutcinization. 


3 A, and 4^ weeks from the beginning of the injection period sliow that 
the quantitative rospoihse in the ovaries becomes le^s, and tliat during 
the .‘<amc time there is a progressive increase of the effect of tlic .serum in 
suppre.N.'^ing lutcinization. When 5 c.c. of serum taken after \l\ weeks was 
injected, the average weight of the ovaries was 45 mg. ; they all contained 
nmnerou.s large follicles .showing no trace of luleinization. It Ikk-^ pre- 
viously been sliown that lialf the .standard amount ofe.xtract received by 
the>e rats causes extensive luteinization with a .^mailer ovary weight. 
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that tlio t'llccL [)r()(liic't'(I with Hit; aiiti.serum cannot be explained as bcinj 
the icsnit oi a [lartial, non-selcctive neutralization of the activities of tht 
extract as a wliolc. A .smaller amount of .serum (I*2;'5 c.c.), from sample; 
taken during the same period, produced a lc.ss marked elfeet on both the 
quantitative and the qualitative rc.spon.se. 

l''ig. 1 .shows that the injection of 2‘o c.c. or o c.c. of scrum from blooc 
taken between l.t and 12.1 weeks caused only slight additional change ir 
the quantitative and qualitative response of the ovaries to 2-5 mg. of the 
extract Al*70l3. 'I’lie ovaries of rats injected with 2-o c.c. of scrum obtained 
at 7.\-lU.\ weeks weighed about 10 mg. and contained only numerous 
large follicles; the uteri were in the greatly distended condition typical ol 
oestrus in the normal animal. With serum obtained from the rabbits 
during this later period of immunization a similar selective neutralization 
of the luteinizing activity of the extract of gelding pituitary gland was 
obtained with even smaller dosage of the .serum. At 9^ weeks only 0-5 c.c. 
of serum was required to neutralize completel}’ the luteinizing activity of 
the extract, without alfceting the quantitative response, but after lOi 
weeks the selective anti-luteinizing activity of the serum ajjpeax'cd to 
be less. 

SuJIJtAUV 

The serum of rabbits injected daily with a gonadotrophic extract of ox 
pituitary gland inhibits selectivel}', in immature rats, the luteinizing 
activity of a gonadotrophic extract of gelding pituitary gland [Rowlands, 
1998]. The rate of appearance of this selective anti-luteinizing activity 
has now been investigated, b}" the e.xamination of samples of serum 
obtained, at weekly intervals, during the period of injection of the rabbits 
with the extract of ox pituitary gland. The results (Fig. 1, Table I) show 
that the amount of anti-luteinizing activity present in the serum increases 
up to about 7 weeks after the commencement of immunization, is constant 
during the next 2 weeks, and, thereafter, falls somewhat. 
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It was observed by CoUip [1937] and Thompson [1937] that the serum of 
a sheep which had received a course of injections of sheep pituitary 
extract augmented the gonadotrophic activity of the same extract on the 
ovaries of the immature rat. Similar results were obtained by Rowlands 
[1938], who also showed that the serum of a sheep which had been treated 
in a similar manner, when injected into immature rats, had neither an 
augmentatory nor an inhibitory action on the gonadotrophic activity of 
extracts prepared from the pituitary glands of other species. However, 
the serum from a goat which had been injected with an extract of pig 
pituitary gland augmented the gonadotrophic action of the extract on the 
ovaries of the immature rat, but at the same time exerted an inhibitory 
effect on the ovulation-producing capacity of the same extract in the 
oestrous rabbit. In addition, the serum augmented the action, on the 
ovaries of the immature rat, of extracts of ox and sheep pituitary glands, 
but inhibited those of horse and human pituitary glands, and also those 
of the urine of pregnant women and those of the serum of pregnant 
mares. 

The experiments described below were designed to trace the rate of 
appearance of the augmentatory factor in the serum of a goat receiving 
daily injections of an extract of pig pituitary gland, and, at the same time, 
to ascertain its relation to the rate of appearance of the antigonadotrophic 
and antithyrotrophic properties. Further data on the nature of auginen- 
t a lory or pro -gonadotrophic activit}" were obtained from tests carried out 
on the serum of a dog injected with an ox pituitar\' extract containing 
both gonadotrophic and thyro trophic activity. 

Methods 

Animals immunizul, (1) An adult bitch (Dog 1) w;us injected subcu- 
taneously daily for 10 uceks, from 12.1.37 to 21. <>,37, and for 3] uceks, 
frviiu 2S.0.37 lo 3.8.37, ^\ilh lOc.c. of a ^^eitz-fillered .solution containing 
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2 :ng./o,o. of an extract (AP:j2D,) of ox pituitary gland. Tiio thyrotrophic 
and gonadotrophic activities of tin's extract are sliown in Tables I and 
II res{)cctively. A sain[)le ot blood was taken from the jugular vein at 
weekly intervals after a period of t3 weeks from the start of the experi- 
ment. 

(2) A goat (Goat 0) was injected in thesamo manner daily for 10 weeks, 
Irom 10. 9. .'57 to 19. 1 1.:)7, with 100 mg. of an extract of pig pituitary gland 
(APoOD), the gonadotru[)hic ajid thyrotrophic activities of which are also 
shown in Tables I and II. Samples of scrum were obtained by bleeding 
the animal at fortiiightly intervals. 

Assays 

(1) Antithyrotrophic activity. Tlie sera were tested for their capacity to 
inJiibit the thyrotrophic action of the extracts used for immunization. 
Assays were carried out on groups of 5-10 immature female guinea-pigs, 
weighing about 200 g., by the method of Eowlands and Parkes [1936]. 
The results are expressed as the increase in weight of the th3Toid glands 
in response to the simultaneous injection of the extract and scrum once 
daily for 5 days. 

(2) Pro-gonadotrophic activity. The sera were examined for their capa- 
city to augment the action of gonadotrophic extz’acts on the ovaries of 
the immature rat. The scrum of Goat G was injected into rats, to- 
gether with the extract (AP53D) with which the goat was immum’zed. 
The serum of Dog 1 was injected into rats, together with a pyridine 
extract of ox pituitary gland (APloB) and also with a commercial 
preparation of pig pituitary gland — Ambinon (AP51). The method of 
assay has been described previously [Rowlands, 193S]. All injections 
were made subcutaneously, and the two substances were administered 
separately, on opposite sides of the animal. Augmentation is measured 
by calculating the number of times the ovarian weight response is 
increased, above the normal weight of 10 mg., by the simidtaneous 
injection of the serum. The augmentation index can therefore be ex- 
pressed as : 

Incr ease in weight of ovaries produced by extract -f- serum 
Increase in weight of ovaries produced by extract alone 

Results 

Antithyrotrophic activity of the sera. The results of the assays for anti- 
thyrotrophic activity on the different samples of the two sera are sho^vn 
in Table I. The injection of 5 mg. of extract AP32Di caused an increase 
of 26 mg. in the weight of the thyroid glands of a group of guinea-pigs. 
The simultaneous injection of 5 c.o. of Dog 1 serum, from blood samples 
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obtained after 8 and 9 weeks’ injection, failed to depress this response. 
In both these tests a slightly greater response in the thyroid glands w^as 
elicited than when the extract w^as given alone. This same extract has 
also shown httle power to produce antithyrotrophic activity in the serum 
of rabbits [Rowlands and Young, 1939]. 

The serum of Goat 6, after 2 and 4 weeks’ injection, contained no anti« 
thyro trophic activity (Rig- 1)- After 6 w'eeks, a total of 5 c.c. of the serum 
reduced the response of the thyroid gland to APo3D b3'' about one-half; 
after 8 weeks’ injection the antithyrotrophic activitj^ of the serum was 
increased nearly 4 times. The rate of appearance of this inhibitor}^ sub- 
stance is similar to that which occurs in rabbits injected with extracts of 
ox pituitary gland [Rowlands and Parkes, 1936]. 


Table I. The antithyrotrophic activity of the serum of Dog 1 and Goat 6 
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Pro-gonadotrophic activity of sera. The serum obtained from Dog 1 w*as 
tested for its capacity to augment the activity of ox and pig pituitar^^ 
extract on the ovaries of the immature rat, as shown in Table II. Pituitary' 
extracts from both these species are relative^ inactive in causing ovarian 
enlargement in the immature rat. A total dose of 50 mg. of the e.xtract of 
ox pit ui tar}" gland, AP 1 5B, was required to produce ovaries weighing 1 5 mg. , 
the weight of the ovaries of the normal rat of the same body-weight being 
10 ing. The ovaries are onty slight!}" stimulated; there is little follicular 
growth. In some follicles the membrana gninulosa becomes precociouslv 
luteini7.e(l and forms a small solid corpus lutcum, wliich encloses the ovum, 
w hereas in others tlie membrana granulosa reimiins normal. 

In the test rat the injection of 5 c.c. of Dog 1 serum, obtained after 5 
weeks of daily injections, produced a fivefold augnientaiion of the eirect 
on the ovary of the extract of ox pituitary gland. The serum obtained 
after lu weeks of injections augmented the re^pon.-e to about the .'•ame 
extent. I he ovaries of these rats contained numerous large corpora luiea, 
indicating that a greater amount of follicle stimulation laid occurred 
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previous to tlu; onset of luteiuization. The uterus was stimulated and 
greatly enlarged and tlie vagina of eaeh rat was open. 

Two (>ther samples of serum. oi)tained 1 1 and M weeks after tlio begin- 
ning of the first eourso of irijeetions, were injeeted into rats simultaneously 
willi an extraet of pig pituitary gland (Al’al). 'Die cpiantitative response 
elicited in the ovarii's of the immature rat was augmented fivefold' by 
the siinullaneous injection ot a e.e. of eaeh serum. The combined efl'cct 
ot serum and e.xtraet inehided the formation of large numbers of corpora 


Table II. Pio-(jotuul(>(iophic (tclivity of , sc rum of Doy 1 and Goal 6 
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lutea in tlie ovaries, together with nterinc stimulation and vaginal opening. 
It is seen, therefore, that this serum retains its full pro-gonadotrophic 
activity for a considerable period of time. 

Each sample of serum from Goat 0 was tested simultaneously for anti- 
thyro trophic and ]pro-gonado trophic activity (Fig. 1). It is seen that this 
serum possessed the power to augment the gonadotrophic action of the 
extract AP53D on the ovaries of the rat. This effect is demonstrable in 
the serum taken after 2 weeks of injections, when the response is aug- 
mented threefold, and reaches a maximum (a sixfold augmentation) 
after an injection period of 6 weeks. It is observed that at this time 
(6 weeks) the serum has only a weak antithyrotrophic action. Subse- 
quently, and corresponding to the period of increasing antithyrotrophic 
activity, there is a decrease in the pro-gonadotrophic activity of the serum ; 
at 10 weeks the response is less than fourfold. It is possible tliat, had 
the injections been continued for a longer period, this action of the serum 
would have completely disappeared and the serum might, ultimately, liave 
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shown antigonadotrophic activity, as demonstrated by Collip [1937] and 
Thompson [1937]. Unfortunately it was not possible to continue these 
experiments farther. 

Discussion 

The data presented in this paper confirm the earlier observations 
described by me [Rowlands, 1938], namely, that antisera to gonadotro- 



Kia. 1. Tho development of antitliyrotrophic and pro-gonadotrophic activity in tlio 

hcruin of Goat G. 

X ~ weight of ovaries of rats in response to tho injection of 5 c.c. of t>erum and 25 mg. of 
extract AP53D. 
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the aelion of some gomulotrophic extracts on the ovaries of llie imm.ilure 
rat. 1 Migge^ted that the mechanism of tliLs pru-gonadotropliie aaivily 
depeiuled on a partial diiTerential neutralization of the extract. It iia.-> 
been ftjiind >o far that augmenlattiry .-era have been jinsliKcd only in 
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provioti.s to (he onset of luteinizadon. The uterus was stimulated and 
greatly enlarged and the vaghui of eaeh rat wjks open. 

1 wo other samples oi serum, ol>taincd 1 1 and 14 weeks after the begin- 
ning ot the tirst eourse ut injections, wme injected into rats simultaneously 
witli aji extract oi pig {)ituitary gland (Al’ol). 'i'he quantitativ'c response 
elieitetl in the ovaries ot tiie immature rat was augmented fivefold’ b}' 
tile simultaneous injection oi e.c. of each serum. The combined effect 
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iutea in the ovaries, together with uterine stimulation and vaginal opening. 
It is seen, therefore, that this serum retains its full pro-gonadotrophic 
activity for a considerable period of time. 

Each sample of serum from Goat 6 was tested simultaneouslj'^ for anti- 
thyrotrophic and pro-gonadotrophic activity (Fig. 1). It is seen tliat this 
serum possessed the power to augment the gonadotrophic action of the 
extract AP53D on the ovaries of the rat. This effect is demonstrable in 
the serum taken after 2 weeks of injections, when the response is aug- 
mented threefold, and reaches a maximum (a sixfold augmentation) 
after an injection period of 6 weeks. It is observed tliat at tliis time 
(6 weeks) the serum has only a weak antithyrotrophic action. Subse- 
quently, and corresponding to the period of increasing antithyrotrophic 
activity, there is a decrease in the pro-gonadotrophic activity of the serum ; 
at 10 weeks the response is less than fourfold. It is possible that, had 
the injections been continued for a longer period, tliis action of the serum 
would have completely disappeared and the serum might, ultimately, have 
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shown antigonadotrophic activity, as demonstrated by Collip [1937] and 
Thompson [1937]. Unfortunately it was not possible to continue these 
experiments farther. 

Discussion 

The data presented in this paper confirm the earlier observations 
described by me [Rowlands, 1938], namely, that antisera to gonadotro- 
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i'lo, 1. 'rho development of antUli\TotropUic and pro*gonadotrophic activity in tho 

bcruin of Goat 6. 

X « weiglit of ovaries of rats in reaponso to tho injection of 5 c,c. of serum and 25 mg. of 
extract AP53D. 

• incH iLso in weiglit of thyroid glanda of guinea-pigs in respoUhO to tho injection of 
5 e.c. of scrum and 5 mg. of extract of AP53D. Tho reaponso of tho thyroid glands 
lo 5 mg. of extract and 2-5 c.c. of tho serum, taken after 8 wc^rks of injections, was 
only 7 mg. 


phic extracts of tl\c anterior pituitary gland of certain specie.s augment 
the action of .some gonadotrophic extracts on the ovaries of tlie imnmture 
rat. 1 !,uggc.sted iliat tiic mccliani.sm of this pro-gonadotropliic activity 
dcpcndcHl on a partial differential neutralization of the e.xtract. It has 
heen found .s<, far that augmentatory .sera have been produced' onlv in 
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le.sponso to coJitiiuml injections of gonuflotropliio extracts of the pituitar 
glands of sheep, pig, and ox. Extracts from these threespeeiesare, incom 
[larison with similar extracts of the i)itnitaiy gland of the horse and man 
very inactive in promoting ovarian growth in the immature rat, am 
ex[)eriments by Noble, Rowlands, Warwick, and W'illiams [1939] hav( 
shown liistologically that they cause little follicle stimulation, but exces 
sive luteinization in the ovaries of normal and hypophysectomized rats 
Consequently, their antisera ma\' be exjiected to possess, predominant!}’ 
an anti-luteinizing activity, which would cause a partial but differential 
neutralization of the luteinizing activity of the extract. Tlie residual 
activity might, therefore, present a more ellicient j)roportion of follicle 
stimulating to luteinizing action, for the stimulation of the ovaries of the 
intact immature rat. Maximum augmentation would indicate that the 
residual mixture contained an optimal balance of these two hormones. 

It is likely, however, that this tentative explanation will have to be 
modilied in view of new evidence now being obtained which suggests that 
the test animal’s own pituitary gland is in some way involved in the 
augmentatory [)henomenon. 

SU.M.'MAUV 

1. The scrum of a dog injected daily for many weeks with an extract 
of ox pituitary gland augmented the gonadotrophic activity of extracts 
of ox and pig pituitary gland when tested on the ovaries of immature rats. 
The serum neither augments nor inhibits the thyrotrophic activity of the 
extract used for immunization. The absence of antithyrotrophic activity 
in this scrum is probably explained in the light of the results of Rowlands 
and young [1939]. 

2. The serum of a goat injected with an extract of pig pituitary gland 
containing thyrotrophic and gonadotrophic activity augmented the 
response produced by this extract in the ovaries of the immature rat. 
The pro-gonadotrophic activity of the scrum was at a maximum after 
6 weeks of injections, at a time when antithyrotrophic activity first ap- 
pears. At 10 weeks the serum has a strong antithyrotrophic action, but a 
decreased augmentatory activity on the ovarian response. 

3. An interpretation of the apparently augmentor action, as possibly 
due to selective depression of a normally predominant luteinizing action, 
needs review in relation to the possible action of the pituitary body of the 
test animal, which is under investigation. 

I wish to express my thanks to Major G. W. Dunkin for supervising the 
injection of the dog and the goat at the M.R.C. Farm Laboratories at 
Mill Hill, and to Organon Laboratories for sui^plying the pig pituitary 
extract, Ambinon. 
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DIRECT GYNAECOGENIC AND INDIRECT 
OESTROGENIC ACTION OF TESTOSTERONE 
PROPIONATE IN FEMALE RATS 

liv H. L. NOBLE 

From the Courtunld Inslttulc of liiochemmlry , 

Middlesex Hospited, London, U*. 1 

{Jhccivcd I'J June, 1939) 

Thk numerous puhlieiitions on the action of androgens on the female 
animal have shown that quite difl'erent types of effects may be produced 
b}' closely related substances of the male sex-hormone group. In some 
cases, however, the type of response has been found to vary with the sub- 
stance under difl'erent experimental conditions. The.se findings would 
suggest that some of the elTects ascribed to tlie various androgens may in 
I'calit}’’ be the resultant of a direct action and an indirect one through 
interaction with other hormones. In the following observations an attempt 
has been made to investigate fully the action of testosterone propionate 
in the female rat. The changes produced in ovariectomized adult rats 
have been compared with those after hypophysectoniy, and the response 
of the immature hypophysectomized rat has been determined before and 
after ovarian stimulation by gonadotrophic hormones. As will be shown, 
testosterone propionate may under some conditions produce a charac- 
teristic direct effect, but its action may be modified by alteration of the 
experimental conditions. 

The most consistent findings which have been reported to occur in 
female rats following testosterone propionate treatment may be sum- 
marized briefly.^ 

Vagina. Using immature intact female rats it has been found by 
numerous Avorkers that testosterone produces premature opening of the 
vagina [Butenandt and Kudszus, 1935; Deanesly and Parkes, 1937; 
Rubinstein, Abarbanel, and Nader, 193S; Mazer and Mazer, 1939]. 
Smears from such animals were composed mainly of mucus, and histo- 
logical examination of the vaginal epithelium showed typical mucification 
changes. Such changes were independent of ovarian influence since the}'’ 
were reproducible in immature animals after ovariectomy [Deanesly and 
Parkes, 1937 ; Rubinstein et al., 1938]. 

Nathanson, Franseen, and SAveeney [1938] have confirmed that vaginal 

* Tho action of tostostorono propionnto on spocios other than tlio rat and tho effects of 
other anih'ogons are not within tho scopo of this paper, but are contained in reviews by 
Koch [1937], Korenchevsky [1939], and A'arangot [1939], 
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animals. In all cases t e vagi histological examination the 

opening showed an Salmon [1938a], however, found that in 

vaginal epithelium was co • gjjjear showed an oestrous 

ovariectomized immature thereafter a dioestrous 

response for the first day a o ^Y\e animal continued in 

— z — "SS 

ssssrrss';,--,. 

simUarly did not find ^^^J^^^JgJsterone treatment is associated 

In the adult ovanectomize -nucification of the vaginal epithe- 

with a dioestrous mucous smear and fi Merckel, 1937; 

Hum [Korenchevsky and Dennis ’ ’ female, the oestrous 

Korenchevsky, 1939], In the intact normal^ cy^^J 

condition is inhibited and vagina ujy (f^e in part to the direct 

s::z::rsr-^;=r 

Main, 1937]. nnimal Parkes and Zuckerman [1938] 

I„.h„hypophpe— 

rr. ‘"anA.. va,„a. 

IAr“ol" oa the con- 

'"Z, In intcas" i Z ot tl,e"„tcrua foUoa ing tctostctonc ha, been 
nolca by numcrou, aorkcr,. This has been 'apart^ “ I’"; 
animal mid was independent of ovarian [Deanesl} and larke., 193/, 
Xathanson cl ah. 1938; Salmon, 1038; Fischer, 1938] or P> ^^-3' - 
[Nathanson cl ah. 1938], Similar hyi>ertrophy was found in intaet or 
ovariectomized adult rats [Korenchevsky, Dennison, and Broisin, 1J36, 
Nehon and Merckel. 1937]. The response of the uterus of the oiariec- 
tomizcd animal appears to be less than when the ovaries are intact, and 
secivtory changes in the mucos;i were found only when corpora lutea were 
pa‘-cnt'in the ovarv [McKeown and Zuckerman, 1937; Xathanson cl al., 
\'X\s]. Kurcnchevskv and Hall [1937] and Korenchevsky [1939] have 
dc-crihed progc.ttatio'nal l.ue-like folding of the uterine mucosa in botli 
normal and ovariectomized rats. McKeown and Zuckerman [1937] found 
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ill OIU5 of six rats treated with tesfostcruno jiropioiiatc thufc the uterus 
responded to trauma in* [)laeentoma formation, wiiilc in others the 
mueosa was of a progestational type. In ovariectomi/.cd animals, however, 
no deeidual or progestational changes were observed after similar treat- 
ment or if animids were given preliminary oestrono injections. They 
suggest that the deeidual and progestational changes obtained were 
dependent on the ovaries, juesumably on the corpora lutca. Parkes and 
Xuekerman [lifts] failed to induce dcciduomata in the uterus of hypo- 
jihyseetumized rats following testosterone propionate. Prooksby [1938] 
was unable to produce deeitlual changes by trauma in normal or ovariec- 
tomi/.ed rats ftdlowing testosterone propionate. Astwood [1939] has 
recently rejiorted a similar failure. It would appear that testosterone pro- 
pionate may induce progestational ehanges in the uterine mucosa of the 
intact animal and deciilual changes may occasionally be produced by 
trauma. Deeidual formation in ovariectomized rats has not been produced. 
T'he observations recorded, therefore, indicate that the direct action on 
the uterus of doses of testosterone ])ropionato so far used is not equal to 
that of progesterone. Under certain conditions, however, an indirect pro- 
gesterone-like effeet may be produced. 

Ovaries. Testosterone pro])ionate has under some conditions a gonado- 
trophic action on the immature ovary. The formation of mature follicles 
and the presence of corpora Iritea have been noted iir controlled e.xperi- 
rnonts [Hohlweg, 1937 ; Salmon, 1938 a, b ; Natharrsorr ei al., 1938]. Ritbhr- 
steiir et al. [1938], however, state that iir their aniirrals, which received 
1 mg. of testosterone projrionate daily, follicular growth was definitely 
irrhibited. Fischer [1938] also foutrd that follicular developnrent was 
retarded. Following hyirojrh^^sectonry, testosterone did not have any 
stimulating actioir orr the iirrmatrrre ovary [Natharrsorr et al., 1938]. Its 
actiorr, therefore, would seorrr to be an indirect one through the anterior 
pituitary'^ gonadotrophic Irorrrrones. It is possible that with large dosage 
the pituitary function is suppressed whereas srrraller doses carrse stinrula- 
tion. The effects of prolorrged irrjectiorr, to be rrrerrtioried later, would 
srrpport such a corrterrtiorr. 

In adult animals the corpora lutea of the ovary have been found to be 
stimulated by testosterorre treatrrrerrt, especially wherr irrjections rvere 
corrrrnenced when the arrirrral was in oestrus [Wolfe and Hamiltorr, 1937; 
Nelson arrd Merckel, 1 937 ; McKeowrr arrd Zuckernran, 1937; Korenclrevsky, 
Dennison, and Hall, 1937]. 

Mammary glands. Testosterorre has beerr showrr to cause developrrrerrt 
of the irrarrrrrrary glarrd irr rrorrrral or ovariectorrrized rats [Selye, McEuen, 
arrd Colliir, 1936; Korerrehevsky et al., 1937 ; Nelsorr arrd Merckel, 1937]. 
This effect was deperrdent orr the ju’esence of arrterior pituitary secretion. 
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since McEuen, Selye, and Collip [1937] could not detect any action in 
hypophysectomized rats. They also found (in male rats) that treatment 
of hypophysectomized animals with A.P.L., although stimulating the 
testes to produce male sex hormone, had no action on the mammary tissue 
comparable with that of testosterone in normal animals. An extract of 
the anterior pituitary, however, caused mammary hypertrophy. 

Clitoris, preputial gland, female prostate. Testosterone stimulates the 
clitoris, preputial gland, and female prostate [Salmon, 1938 a; Koren- 
chevsky, 1939]. Hall [1938] has described in detail the histological changes 
in the clitoris. The effect on these organs would appear to be due to direct 
stimulation. 

Prolonged treatment. The effects of prolonged treatment with testo- 
sterone differ fundamentally from those previously described. jMazer and 
Mazer [1939] have sho\vn that treatment for 102 days of immature rats 
with a dose of 1-5 mg. per week of testosterone propionate resulted in 
atrophic changes in the ovaries, with arrest of follicular and luteal develop- 
ment. The uterus, adrenals, and pituitary weights were also substantially 
below those of controls. Body-growth was unaltered. Adult animals 
similarly treated for 62-9 days showed atrophied ovaries, adrenals, and 
uteri. Such changes are probably resultant from an inhibitory effect on 
the anterior pituitary (comparable in some ways to prolonged oestrogen 
therapy), as Hamilton and Wolfe [193S] have demonstrated a lowered 
gonadotrophic hormone content in the pituitar}^ after testosterone pro- 
pionate treatment. Hertz and Meyer [1937] and Cutuly and Cutuly [1938] 
have shown in experiments using parabiotic rats that testosterone pro- 
pionate suppresses the gonadotrophic activity of the pituitary. 

In view of the lack of agreement on the elfects of testosterone propionate 
on female rats, experiments liave been conducted with special reference 
to the role played by the ovaries and pituitary. 


Methods 

Albino female rats of the Wistar strain, reared in this Institute, were 
used c.xclusively. The adult animals included those wiiich liad been sub- 
jected to bilateral ovariectomy, iiypophysectomy, or both operations on 
the same animal. Immature animals (45 to 55 g.) were either intact or 
iiypophy.vcctomizcd. Synthetic testosteroiie propionate was dissolved in 
sesame oil at a concentration of 4*0 mg. per c.c. and 2 mg. were injected 
daily, excei)t where indicated. Subcutaneous injections in mo.^t ames 
Nvere .started on the day following ovariectomy ur hvpophv>ectomv In 
>ome instances various intervals were allowed to e!ap..e before treatment 
was nutiated. Synthetic proge.^leruiK^ was administered subeutaneou<lv 
in a daily du^e ot I mg. <li.s>otved in 0-5 c.e. of oil. When two different 
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prc'piiratioiiH wore I'ivoii to tlio .saiiio aiiinial they were injected on difTercii 
.sides. 'I'lie gonadotrophic inoparations u.sed were P.MSl.'l, an extract c 
tho .serum of pregnant mares [Leo], and UPIO, an extract of human preg 
nancy urine. Vaginal sjuears were made daily, and in immature animah 
us soon as the vagina was found to he open. 

'I’lie majority of animals were treated for 20 tlays and killed on the da; 
following the last injection. -Vt autoji.sy the pituitary, ovarie.s, uterus aa( 
vagina, adrenals, [)reputial glands, and first pair of thoracic mamman 
glands, were di.sseeted out and fixed in Ilouin’s solution. In .some case; 
the female prostate was also removed. The organs were weighed froii: 
70% alcohol, and in most eases serially sectioned. 

Rksi;lt.s 
Adult Animah 

(1) Ovaricclomizcd. In four animals injections were commenced 10 days 
after ovariectom}' and the total dose of testosterone propionate adminis- 
tered over the succeeiling 28 days was 70 mg. Tho findings in these 
animals were essentially similar to those in three others when injections 
of 2 mg. daily were started on tho day following ovariectomy, and con- 
tinued for 20 days. During tho injection period the vaginal smear showed 
a dioestrous state and was composed chiefly of mucus. At autopsy the 
uteri were markedly enlarged. They w’cro not weighed because of the 
variability of tho portion removed during ovariectomy. The adrenal 
weights were normal. iMicroscopic examination of the organs of these 
animals, when compared wdth control ovariectomized rats, showed the 
following features. The vaginal epithelium was thickened in numerous 
folds and crypts, and the cells showed typical mucification, as may be seen 
in Fig. 1. The uterus was hypertrophied and the mucosa heaped up into 
projecting folds. The lining colls were elongated with basal nuclei and 
occasionally contained large vacuoles. The mammary tissue was markedly 
stimulated with proliferating ducts and well developed acini — Fig. 2. 
The nijijjlcs were hyiJertrophied. Tho preputial glands were greatly 
enlarged and the preputial groove was lined with thick stratified epithe- 
lium which was heavily keratinized. In control animals the preputial 
groove was less clearly defined and lined with only a few layers of small 
round cells. 

(2) Ovariectomized and 1iijx)op1iysectomized. Three animals had their 
pituitary gland removed 9 days after ovariectomy, and were then injected 
with 70 mg. of testosterone propionate over the succeeding 28 days, 
similar to the four animals in (1). The changes found were similar to those 
in (1) except for the mammary glands. Whereas the nipples showed 
definite stimulation, the glandular tissue in these animals was undeveloped. 



Fio. 1. Vaginal mucification after testosterone propionate 
in an adult ovariectomizcd rat. X 20 



Fia. 4. Vaginal comification after testosterone 
propionate in an adult hypophysectomized rat< 
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(3) Hypophysectomized, Two animals survived treatment ^vith 100 mg. 
of testosterone propionate over 20 days, starting immediately after 
pituitary removal, A third animal was killed after receiving 40 mg. over 
8 days. Four other animals were treated with 2 mg. daily ; three of these 
were lulled after 21 days (40 mg.) and one after 11 days (22 mg.). The 
vaginal smears on these animals were quite different from the animals in 
groups (1) and (2). An oestrous smear was obtained in all cases, and the 
vaginal epithelium was apparently maintained in an active condition, 
since the smears varied from oestrus to prooestrus throughout the 3 Aveeks. 
Control uninjected hypophysectomized animals in some cases remained 
in oestrus for some days after operation, but had always returned to di- 
oestrus after 2 weeks. Histological examination of the vagina showed 
a thick epithelium either heavily stratified or stratified and comified. In 
two animals mucification changes appeared to be superimposed in patches 
on stratified epithelium. The uteri were enlarged similar to those in (1) 
and (2), but the mucosa showed little or no folding. The lining cells were 
elongated and enlarged and contained occasional cyst-like spaces. The 
nipples were stimulated, but the mammary tissue was undeveloped — 
Fig. 3. The clitoris was similar to those in (1) and (2). The adrenal 
weights were within normal limits for hypophysectomized animals. The 
ovaries showed only small atrophic follicles, but ^veil-maintained corpora 
lutea. Their weights were rather greater than those for untreated control 
animals. 

Four animals were not injected until 10 days after hypophysectom}^ 
Each received 40 mg. over 20 days. On the 3rd day after only two injec- 
tions (4 mg.) a full oestrous vaginal smear was obtained in every case. 
This continued for 4, 6, 11, and 21 da^^s respective!}' — the first animal 
returned to a dioestrous condition for the last 9 days before autopsy, but 
the other animals remained in prooestrus. The vaginal epithelium in the 
first rat was completely mucified, and in the last stratified with comifica- 
tion — Fig. 4. In the other two animals areas of mucification and stratifica- 
tion were present. Other changes were similar to those in (3), except tliat 
tile nipples appeared to be slightly less well developed. Corpora lutea 
were present in the ovaries, althougli tlie ovarian weights were less than 
tho.-e in (3). Two animals were allowed to remain for 3 weeks after hvpo- 
phy.-ectomy and were then injected with 8 mg. over 4 days. Both animals 
came into ocijtriis and showed stratification of vaginal epithelium. 

^mce rats which had been hypophy.-ectomized for lo (iay» a pj/car ud to 
react well to te.'sto.sterone injections, smaller do.-es were injected into four 
animals. Two received U* t mg. each over 3 da\>, and two 0-0 J mg. each, 
t)ne of the animals witlj the larger do-•^e showed an oestroU/> smear, while 
both the animals with the smaller dose showe<i an oestrous reaction on at 
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Icust otiu (lay. .Vt aiitopsy the vaginal epithelium \va.s well developed and 
.stratified in the animal.s which .showed active smears, 

'I’he results of testosterone i)ro[)i(mute treatment on adult rats have 
i)een summarized in 'I’ahle 1. 


table I. hfftxl'i oj (cslo.'iti’.roiu'. propumutc (ind projeslcrone on adult rats 


Avonu^o pi’r lOO^, 


Ni), of 
rat i 

I )o.'0 

inK* 

Diiy 1 

OvaritM 

Adi’i'iia! i 
in^. 

UteruH 

ing. 


Mammary 

glands 

Onult'ct 

• > 

uiniztil, 

0 

21 


IS 


A 



71 

2H 


15 




-U 


•10 

21 

■— 

10 

— 

-M 

-r 

Oi'iiru'ctoinizcil mvl hupuphyirctomt 
1 0 28 

zed. 

0 


A 



71 

2S 

— 

5 

— 

51 

— 

Jlypophy^'^cctoml 
2 0 

zed, 

2i 

15 

11 

70 

A 


•> 

io.> 

2S 

IH 

— 



S 

— . 

•1 

•10 

21 

20 

1:1 

320 

s 

— 


•10 

21 

17 

10 

•135 

s (-1-51) 

— 

H 

20 

21 

10 

10 

102 

A 

— 


* Treatment .*1 tar tod 10 dayd after hypophysectomy. 
t Treated with progedtorono alone. 

-M inueined. S = atratifio<l. A = atrophied. 


In brief, it may bo seen that stimulation of the vaginal epithelium with 
resulting stratification or cornification took place only in animals with 
intact ovaries. Tin’s response was still elicited li weeks after liypophysec- 
tom3^ Stratified epithelium after {prolonged treatment was gradually 
replaced by areas of mucification. Development of mammary glandular 
tissue was found only in animals with an intact pituitary gland, the 
ovaries having no role in such stimulation. Nipple growth occurred in all 
cases irresjoective of the pituitary or ovaries. The clitoris and female 
prostate were stimulated in all cases, and the preputial groove was 
heavily keratinized. Tokling of the uterine mucosa was less mai’ked or 
absent in the hypojfiij'sectomized rats. The ovarian weights indicated that 
the corpora lutea were stimulated or maintained. These findings were 
very suggestive that the corpora lutea in the ovary were related to the 
pi’oduction of vaginal oestrus by testosterone propionate. 

Since it was possible that the secretion of progesterone by the corpora 
lutea might play some part in the results described, a control experiment 
was performed in which four adult animals received injections of 1-0 mg. 
of progesterone dail}'' for 20 days, starting immediately after hypophysec- 
tomy. The vaginal smears in three of these animals show^ed a dioestrous 
condition, but in one case some activity was observed. On section the 
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vaginal epithelium was not stimulated (occasional cells distended with 
mucus were present) except in the case of the one rat. No effect on the 
mammary glands or nipples, uterus, adrenals, or preputial glands were 
found. The ovaries appeared similar to hypophysectomized controls. 
The partial activity in the one animal is difficult to explain, since h^’^po- 
physectomy was apparently complete (although the sella turcica was not 
sectioned). The ovaries of this animal were the largest in the group, weigh- 
ing 35 mg. These results have also been included in Table I. 

It was thought that the immature rat would be of value in determining 
the role played by the corpora lutea in the response to testosterone pro- 
pionate, since the effect on the immature ovary could be compared before 
and after development by gonadotrophic hormones. In the first instance 
the action of testosterone and progesterone on the ovary of the intact 
immature rat was obtained. 

Intact Immature Rats 

Testosterone 'propionate. Five rats were selected at weights from 32 to 
37 g. so that daily injections of 2 mg. of testosterone propionate could be 
continued as long as possible before the animals reached maturity. They 
each received a total of 16 mg. and were killed on the 9th day, at an average 
weight of 59 g. (51-64 g.). A group of seven normal animals of average 
weight 60 g. (56-60g.) were killed as controls. Vaginal opening occurred 
in three of the injected rats on the 4th day of injection, in one on the 5th 
day, and in one on the 6th day. The vagina did not open in any of the 
control group. In one animal the first smear taken after the vaginal 
opening showed an oestrous condition ; this on subsequent days remained 
as those from the other rats, in dioestrus. The vaginal epithelium at the 
end of tlie experiment sliowed typical mucification. Tlie uteri were in- 
creased in weight and exhibited foldings of the mucosa. The ovaries 
averaged 10-S mg. and those of the controls 15*7 mg. WJien .sections of 
tlie ovaries were compared with those of the normal animals definite 
changes could be seen. In the control animals the largest follicles were 
only partly matured, but appeared fairl}' uniform in size, and contained 
welhdevelopcd antra. In tlie treated rats the ovaries containe<l 2 or 3 
large mature follicles, whereas the remainder aj>peared to be generallv 
le>s well developed than in the controls. Rupture of tlie follicle was not 
.^ccn in any ease and no evidence of luieinization could be found. 

hive rats of 16-50 g. were treated by a single do>e of lo mg, of te.>t</' 
.^terone liropionate in 1-0 c.c. of oil and killed 4 days later. Vaginal o[^eii- 
ing oceurred in one rat on the day following injection, in one on the 2nd 
day, in one on llie 3rd day, and in the rejiiaining two on the Uh dav. At 
autop>y the average body-weight was 5S g. (.76-62 g.) arai the a\eraje 
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weight of the ovurie.s wa.s I !•(> nig, 'I’lio lii.stologicnl picture of the ovaries 
and tlie uteiuis wuh cs.sentiiiHy Hiinilur to that in the animals which had 
received daily injections. 

I'nxjc.'ilcronc, A group of live rats of .'J 2-9 g. in \veight were injected 
with I mg. of [jrogesterono dail^' tor S (hiys, and killed at an average of 

{ 3 * (">9-97 g.) on the 9th day. 'I'he vagina remained elo.sed throughout 
in all animals. Although the ovarian weights were definitely less than the 
controls, the histological picture of both the ovaries and uterus was 
essentially similar to that in the control animals. 

The efTects of testosterone proj)ionate and progesterone on intact im- 
mature rats are summari/.ed in 'fable II. 


Table II. EJJccls of tc^todcrone propionate and profjesterone on normal 
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These results confirm the observations that testosterone propionate pro- 
duces stimulation of the ovarian follicles. Under the conditions described 
there was no evidence that the luteinizing liormone was stimulated. The 
actual weight of the ovary would appear to be definitely less after testo- 
sterone propionate or progesterone treatment. After testosterone pro- 
pionate the uterus was hypertrophied and showed mucosal foldings. The 
adrenal weights appeared to be little affected. 

Hypophysectomized Immature Rats 

(a) Testosterone propionate. Five animals received 2 mg. daily, com- 
mencing immediately after hypophysectomy, for 20 days. Vaginal smears 
were made at the start of the experiment in only three animals. Vaginal 
opening occurred on the 5 tli day of treatment and in two cases an oestrous 
smear was obtained on this day. At the end of the experiment all five 
animals showed a dioestrous smear. Sections of the vagina showed 
typical mucification. The uteri Avere enlarged and showed foldings of the 
mucosa. The nipples were markedly stimulated, but the glandular tissue 
was undeveloped. The preputial glands Avere greatly enlarged and the 
preputial groove keratinized. The ovaries were identical Avith hypoijhj- 
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sectomized controls, and showed no evidence of maturation of foUicles or 
luteinization. 

(b) Progesterone. A group of four animals were injected with 1 mg, daily 
of progesterone for 20 days. Vaginal opening did not occur in any case. 
No changes were observed in sections of the vagina, ovaries, uterus, nipples 
or mammary glands, or preputial glands. 

(c) Testosterone Propionate and Progesterone. A group of five animals 
were injected daily with 2 mg. of testosterone propionate and 1 mg. of 
progesterone for 20 days. Vaginal opening occurred on the 6th day of 
treatment and an initial oestrous smear was obtained in each case. Sub- 
sequent smears to the end of the experiment showed a dioestrous condition. 
Other changes were essentially similar to those after testosterone alone, 
although the uterine mucosa exhibited an increased degree of folding. 

The results obtained in these three groups of animals are summarized 
in Table III. 


Table III, Effects of testosterone propionate and progesterone on hypo- 
physectomized immature rats 
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From these results it may be seen that the action of testosterone pro- 
pionate was not essentially altered when giv’^en simultaneously \vith pro- 
gesterone in the doses used. An oestrous vaginal smear may be obtained 
immediately after vaginal opening occurs, but this was rapidly altered to 
a dioestrous condition wl\ich persisted to the end of the experiment. At 
autopsy the vaginal epithelium was heavily mucified. The folding of the 
uterine mucosa appeared to be increased by the supplementary proges- 
terone treatment. Nipple growth was observed, but no development of 
mammary tissue occurred. Progesterone alone had no demonstrable effect, 

(d) Pregnant marc scrum extract and testosterone propionate. In tlie first 
experiment eight animals received a total of 3-0 mg. each of pregnant 
mare scrum extract, PMS13, over 5 da3’s, injections commencing tlie da\' 
following hypophysectomj’. Five of these animals received 2 mg. of 
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testosterone propionate daily for 20 days, starting a day after the last 
injection of J^M812, Vaginal opening occurred on the 2nd or 3rd day of 
testosterone treatment and on tlie corresponditig days in the three P3IS- 
troated controls. No animal exhibited coni{)lete vaginal oestrus, although 
for the first week varying degrees of prooestrus were found. Histological 
changes in the treated animals were similar to those in («). In the animals 
treated with PMS13 alone little dilference could be seen from Jiypophy- 
sectomi'/.cd uninjeeted controls. 

From the weights and appearance of the ovaries of the above animals 
it was obvious that insullieient PMS extract had been given to produce 
corpora lutca. 'fhe experiment was repeated, therefore, using a larger dose 
of PMSl.'J. Eight animals each received 15 mg. of PMS13 in a similar 
manner to the previous experiment, and five were injected with a 
similar dose of testosterone propionate. Vaginal opening occurred in all 
animals on the -fth day of treatment with PMS13, and the vaginal smear 
showed full oestrus. During the first week of treatment with testosterone 
the animals remained in oestrus or proocstrus. In one rat oestrus per- 
sisted to the end of the experiment, and in two others which survived the 
full period, proocstrus continued. In the two surviving animals treated 
with Pj\IS 13 alone, the vaginal smear showed a dioestrous condition for 
the last 13 da 3 ’’s of the experiment. One animal survived only two injec- 
tions of testosterone, and its ovaries weighed 9G mg. Another animal died 
after nine injections and showed an ovarian weight of 35 mg. One animal 
treated with PIMS alone died on the day which corresponded to midway 
between the two 2 :)revious animals with an ovarian weight of 62 mg. 
Examination of the rats which survived the full course of the experiment 
showed that in the testosterone-treated ones the vaginal epithelium was 
stratified and keratinized. The ovaries were composed almost entuel}'^ of 
large numbers of corpora lutea of all sizes. A few atrophic follicles were 
present. In animals which survived the longest the corpora lutea were 
discrete and surrounded by loose connective tissue. The uteri showed 
well-marked mucosal foldings, with hypertrophied cells, often vacuolated. 
Other changes were similar to those found in (a). In the animals treated 
with PMS13 alone the ovaries Avere indistinguishable from those after 
.supplementary testosterone treatment. Despite the large size of the 
ovaries, the vagina and uterus had returned to an atrophic condition so 
that oestrogen secretion Avas apparently absent. NijDple or mammaiy 
stimulation Avas not present. 

(e) Hxvtnan 'pregnancy urine extract and testosterone propionate. Eight 
animals received a total of 5-0 mg. each of human pregnancy urine extract, 
UPlO, over 5 days, injections commencing the day folloAving hypophy* 
sectomy. Five of these received 2 mg. of testosterone propionate daily, 
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starting 1 day after the last injection of XJPIO. Only two rats survived 
20 days of treatment, the other three being killed after 4, 8, and 10 injec- 
jections. In the testosterone-injected group vaginal opening occurred in 
one rat on the 4th day and one on the 5th day of treatment. The initial 
vaginal smear showed an oestrous response in only one animal, and no 
subsequent activity was observed. In the three rats treated Avith UPlO 
alone vaginal opening did not occur. The histological changes in the 
testosterone-treated rats were similar to those described for group {a) 
except for the ovaries. These appeared to contain fewer immature foUicles, 
and small bodies resembhng corpora lutea were present. As many as three 
of these were found in one ovary and apparently represented the end- 
result of the diffuse luteinization which follows injection of such an extract. 
These were also present in the animals receiving UPlO alone, but were not 
so numerous or so large in size. Similar findings were present in the 
animals killed during the course of the experiment. The ovarian weight 
returned rapidly to normal, since 5 days after the last injection of UPlO 
the ovaries were approximately the same size as those found at the end of 
the experiment. This extract was tested on hypophysectomized rats by 
Noble, Rowlands, Warwick, and Williams [1939], and a 5 mg. dose over 
o days produced an average ovarian weight of 15 mg. on the day following 
the last injection, although the animals were not injected for 10-12 days 
after pituitary removal. The animals receiving UPlO alone showed 
changes similar to uninjected hypophj^sectomized controls except for the 
ovarian effects described. 

The results of testosterone propionate treatment after PMS13 and 
UPlO are summarized in Table IV. 

These findings show that when corpora lutea were developed in the im- 
mature ovary in response to pregnant mare serum they modified the 
mucification response to testosterone propionate, so that vaginal stratifi- 
cation and keratinization were produced. The luteinization caused by 
human pregnancy urine extract did not alter the response to testosterone, 
although small corpora lutea appeared to be present in the ovary at the 
end of the experiment. The ovaries after P^IS13 treatment consisted of 
corpora lutea and a few atropliic follicles. Subsequent treatment with 
testosterone propionate did not maintain the corpora lutea and ovarian 
weight when compared with controls injected with P.MS 13 alone. Although 
the ovaries of the control PMS rats were of a large size, oestrogen secretion 
was absent, since the vagina and uterus were atrophied. 


Discussiox 

Iroiu the results described it is apparent that some of the effects of 
testojsterone propionate observed in the female rat were related to the 
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prc.soncc of the ovaries and j)ituitary gland. To c.xplain the nicchanisiu 
by which these organ.s niodily the en’ects produced is obviously impossible 
Irom the type ol e.xperiinents described, but the findings Jiiay be con- 
sidered along with those reported by other workers. 

Testosterone [)ropionato would ai)[)ear to c.xert an indirect gonado- 
trojihie action on the ovary through the anterior pituitary gland. Whereas 
the ovaries ot hypophyseetomi/.ed immature rats were unaffected, definite 

Table I\'. Effects of testosterone propionate on hy pophysectomized immature 
rats after preliminary yonadotropliic hormone treatment 
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follicle formation was produced in intact animals. The follicles although 
mature had not ruptured and did not show any evidence of luteinization. 
The ovarian weights were less than in control animals, so that apparently 
the total secretion of pituitary gonadotrophin was less than normal. After 
prolonged treatment marked depression of pituitary secretion may occur, 
as shown by the atrophic condition of the ovaries [Mazer and Mazer, 
1939], and by assay of the pituitary for gonadotrophic hormone [Hamilton 
and Wolfe, 1938]. The published data available gives little support to the 
contention of Freed, GreenJiill, and Soskin [103S] that the different actions 
of testosterone projrionate can be explained by a bijjhasic type of resironse 
of the pituitarj’’, deiDending on the dosage of testosterone propionate 
employed. Many observers have noted that once corpora lutea are pi’esent 
in the ovary they are stimulated by testosterone. From the ovarian 
weights obtained in hypophysectomized adult rats it would appear that 
this effect is due to a direct action on the corpora lutea, and not neces- 
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sarily associated with liberation of pituitary luteinizing factor. When 
corpora lutea had been produced in immature hypophysectomized rats 
by preliminary treatment \vith pregnant mare serum extract testo- 
sterone propionate did not maintain the ovaries at their maximal size, 
but degeneration ensued similar to that in imtreated controls. 

The stimulating action of testosterone propionate on the mammary 
glands was only produced when the pituitary gland was intact and was 
independent of ovarian function, confirming the observations of McEuen 
et al. [1937]. It was readily seen, however, especially in the immature rats, 
that pronounced growth of the nipples occurred in the absence of the 
pituitary gland. Testosterone propionate, therefore, acts directly on the 
nipples, but has no effect on mammary glandular tissue unless the pituitary 
gland is present. 

The initial production of vaginal oestrus in the immature rat, whether 
intact, ovariectomized, or hypophysectomized, seems to be rather curious, 
especially since most observers agree that the final result is typical 
vaginal mucification. In the experiments described an oestrous smear 
when obtained was always found on the day when the vagina was first 
open, and the rat never remained in oestrus longer than one day despite 
continued treatment. Other workers have reported, however, a positive 
oestrous smear for as long as 5 to 8 days [Salmon, 1938 a]. The significance 
of this initial, transitory, oestrous response is probably doubtful and may 
be related to the collection of epidermal debris which occurs, especially 
in view of the fact that the clitoris region undergoes extensive cornifica- 
tion. Such a source of contamination of the vagina has been discussed by 
Korenchevsky [1939]. The vaginal mucosa shows t^^pical mucification 
after testosterone propionate treatment in the case of normal or ovari- 
ectomized adult rats, and in normal ovariectomized or hypophysectomized 
immature animals. 

In hypophysectomized adult rats or in hypophysectomized immature 
animals after ovarian stimulation by pregnant mare serum, testosterone 
propionate produces stratification or cornification of the vaginal mucosa. 
In the hypophysectomized adult rat an oestrous response was obtained 
3 weeks after pituitary removal. The corporea lutea of the ovary were 
apparently responsible for the oestrogenic action of testosterone pro- 
pionate under such conditions. The ovarian follicles are unlikely to plav 
i^ny part in such a response, since they were found on histological exami- 
nation to be atrophic, and also since the immature ovary after hypo- 
physoctomy is composed mainly of immature follicles, but vaginal 
mueUicaliou follows testosterone propionate treatment. The ability of the 
corpora lutea in the ovary of tlie liypopliyscctomized rat to motiify tfie 
vaginal mucification produced by testosterone in ovariectomized animals 

o 
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to vaginal atnitilication i.s curioua, especially since vaginal mucification is 
pioducod in the intact adult nvt. Tlio exporiinonts on immature hypo- 
physcctomi/cd animals would indicate that an increased sensitivity to 
oestrogenic stimulation or a combined action w'ith progesterone cannot 
explain the ocstrogoiic response. It is apparent that the corpora lutea 
when de[)rived of the eirccts of pituitary gonadotrophic hormones may 
respond in a diilerent manner from those in normal rats. The type of 
lutcini'/,ation following extracts of pregnancy urine in hypophysectomized 
immature rats was apparently different, either qualitatively or quantita- 
tively, from that following extracts of pregtuint mare serum, since with 
the former subsequent testosterone propionate treatment did not evoke a 
vaginal oestrous response. 

Observations on the uterus, preputial glands, clitoris, and female 
prostate indicate that the stimulation recorded after testosterone pro- 
pionate was through a direct action, as none of the operative procedures 
produced any alteration of the response. 

Progesterone did not exert any action in the hypophysectomized im- 
mature rat. In the intact animal, however, the ovarian weights were con- 
siderably smaller than those of controls, suggesting that an inhibition of 
pituitary gonadotrop)hin secretion had occurred. A similar effect has been 
reported in adult animals by Selye, Browne, and Collip [1936]. In adult 
hypophysectomized animals progesterone treatment may be followed by 
the occurrence of occasional cells filled with mucus in the vaginal mucosa, 
as was also described by Selye, Browne, and Collip [1936]. Othenviseno 
consistent effects were observed ; the oestrogenic activity in the one rat 
described was probably fortuitous. When testosterone propionate treat- 
ment was supplemented by progesterone in immature h 3 q)ophysectomized 
rats no qualitative difference in the response was observed. 

It is concluded from these experiments, therefore, that testosterone pro- 
pionate produces, in the female rat, a direct stimulation of the clitoris, 
preputial glands, and female prostate (andi’ogenic action) ; a direct stimu- 
lation of the uterus and nipples (gynaecogenio action). The direct effect 
on the vaginal mucosa (mucification) is modified after hypophysectomy 
by an additional indirect action leading to stratification with cornification 
of the vagina (indirect oestrogenic action) provided the ovaries are present 
and contain corpora lutea. Stimulation of the mammary glandular tissue 
(gynaecogenio action) is an indirect effect depending on the presence of 
the pituitary gland but not the ovaries. 

Summary 

Testosterone propionate in a daily dose of 2 mg. for 3-4 weeks was found 
to produce stimulation of the mammary glands, a dioestrous condition 
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of the vaginal smears, and mucification of the vaginal epithehum in ovari- 
ectomized adult female rats. In hypophysectomized animals the mammary 
tissue was not developed, the vaginal smears showed an oestrous condition, 
and the vaginal epithelium was stratified or comified. A vaginal oestrous 
response was still obtained when injections were commenced three weeks 
after removal of the pituitary gland. 

Testosterone propionate injected daily or as a single dose was followed 
by stimulation of the ovarian follicles (without ovulation or luteinization) 
in normal immature female rats. The weight of the ovaries, however, was 
appreciably less than in control animals. In hypophysectomized immature 
rats testosterone propionate had no demonstrable effect on the ovary and 
produced typical vaginal mucification. 

Treatment %vith testosterone propionate of immature hypophysecto- 
mized rats which had received preliminary ovarian stimulation by 
pregnant mare serum extract was followed by stratification of the vaginal 
mucosa. The ovaries regressed in size during treatment, similar to those 
in control animals which received pregnant mare serum extract alone. In 
these control animals the vaginal smear showed a dioestrous state during 
the last half of the experimental period and an atrophic condition on 
sectioning. Rats in a similar experiment, but in which ovarian stimulation 
was produced by preliminary treatment with pregnancy urine extract, 
failed to exhibit a vaginal oestrous response. 

Vaginal opening occurred in all immature rats subjected to testosterone 
propionate treatment. An oestrous smear was obtained on the day of 
vaginal opening in some animals, whether intact or hypophysectomized. 
Following the initial oestrous smear, a dioestrous condition prev’ailed to 
the end of the experiment, although treatment was continued. In all 
cases, despite the various operative procedures, testosterone propionate 
produced stimulation of the nipples, preputial glands (with keratinization 
of the preputial groove), female prostate, and uterus. 

Progesterone did not produce any consistent effect in hypoph^'sec- 
toniized adult or immature rats, and its administration simultaneous with 
testosterone propionate did not modify qualitatively the effect of the 
latter in immature hypophysectomized animals. Progesterone injections 
^\ere followed by a decrease in ovarian weights in intact immature rats. 

1 lie author would like to thank Dr. A. S. Parkes, F.R.S., for his stimulat- 
ing interest and criticism and for supplying the testosterone j)ropionate 
«iJid gonadotrophic extracts n.'^ed in this work. Mes^^rs. ischeriiig, Ltd., 
generously supplied additional testosterone propionate and the pro- 
go.'^terone. 'fhe Middle.^ex Hospital Medical School kindly provided 
iacilitie.s for this re.-^carcli. 
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of the vaginal smears, and mucification of the vaginal epithelium in ovari- 
ectomized adult female rats. In hypophysectomized animals the mammary 
tissue was not developed, the vaginal smears showed an oestrous condition, 
and the vaginal epithelium was stratified or cornified. A vaginal oestrous 
response was still obtained when injections were commenced three weeks 
after removal of the pituitary gland. 

Testosterone propionate injected daily or as a single dose was followed 
by stimulation of the ovarian follicles (without ovulation or luteinization) 
in normal immature female rats. The weight of the ovaries, however, was 
appreciably less than in control animals. In hypophysectomized immature 
rats testosterone propionate had no demonstrable effect on the ovary and 
produced typical vaginal mucification. 

Treatment with testosterone propionate of immature hypophysecto- 
mized rats which had received preliminary ovarian stimulation by 
pregnant mare serum extract was followed by stratification of the vaginal 
mucosa. The ovaries regressed in size during treatment, similar to those 
in control animals which received pregnant mare serum extract alone. In 
these control animals the vaginal smear showed a dioestrous state during 
the last half of the experimental period and an atrophic condition on 
sectioning. Rats in a similar experiment, but in which ovarian stimulation 
was produced by preliminary treatment with pregnancy urine extract, 
failed to exhibit a vaginal oestrous response. 

Vaginal opening occurred in all immature rats subjected to testosterone 
propionate treatment. An oestrous smear was obtained on the day of 
vaginal opening in some animals, whether intact or hypophysectomized. 
Following the initial oestrous smear, a dioestrous condition prevailed to 
the end of the experiment, although treatment was continued. In all 
cases, despite the various operative procedures, testosterone propionate 
produced stimulation of the nipples, preputial glands (with keratinization 
of the preputial groove), female prostate, and uterus. 

Progesterone did not produce any consistent effect in hypoph^^sec- 
tomized adult or immature rats, and its administration simultaneous with 
testosterone propionate did not modify qualitatively the effect of the 
atter m immature hypophysectomized animals. Progesterone injections 
\\erc followed by a decrease in ovarian weights in intact immature rats. 


i..--' intero'r 

■uul testosterone propionate 

«oiwulotropluc extracts used in tliis work. :ilessrs. Scherinsr T td 

'eZlt testosterone propionate and tt pi 




RECOVERY OF INJECTED OESTROGENIC SUB- 
STANCES FROM RABBIT URINE 
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Experbients have shown that the amount of administered oestrogen 
that can be recovered from the urine of both human subjects and animals 
is generally very small. Luchsinger and Voss [1929], Kemp and Pedersen- 
Bjergaard [1933], Zondek [1934], Robson, MacGregor, Illingworth, and 
Steere [1934], and Mazer and Israel [1936], have performed experiments 
of this kind on human patients and have recovered only 3-12% of adminis- 
tered oestrone from the urine. Smith and Smith [1931] working wth rab- 
bits have shown that after the injection of 600-700 rat units of oestrone, 
30 rat units or approximately 5% could be recovered from the urine, 
whilst Westerfield and Doisy [1937] have performed similar experiments 
with monkeys and have found that only 1 '5-5-3% of injected oestrone 
could be recovered even from an ovariectomized-hysterectomized animal. 
Pincus and Zahl [1937], however, have studied the oestrogen metabolism 
in rabbits under varying conditions and in some cases claim recoveries up 
to 98% of the hormone injected, and Smith and Smith [1931] have shown 
that by simultaneous injection of progesterone with oestrone in rabbits 
the recovery of oestrone is raised to 80%. 

In the majority of experiments, however, the amounts of the oestrogens 
administered were too small to permit of the isolation of the oestrogens 
in the urine, and it is possible that the oestrogenic activity found in the 
urine extracts, attributed to the original oestrogen injected, is due to a 
metabolic product which is itself oestrogenic. Again, the methods of 
c.xtraction used by some workers are open to criticism. In some cases 
iherc is little doubt that insufficient care was taken to ensure complete 
liberation of the free oestrogens from their water-soluble conjugated 
forms by hydrolysis. 

It was considered that it might be of great interest to investigate 
tbe fate of administered syntlietic oestrogens in rabbits compared with 
Ibat of oestrone, and the following experiments were carried out. Tim 
compounds used were 4 ; I'-dihydro.xy-y : u-diplienyl~n-hexane [Camp- 
bell. Dodds, and Lawson, 103S], 4 : 4'-dihydroxy-a : ^-'dieihylslilbene 
4 : 4'-dihydroxy--y : S-diphenyL^ : 3-hexadIene [Dodds, Colberg, 

i 'Working on a grant from the llt'.-vMrxli Cuuncil. 
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STANCES FROM RABBIT URINE 
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ExperevijENTS have shown that the amount of administered oestrogen 
that can be recovered from the urine of both human subjects and animals 
is generally very small. Luchsinger and Voss [1929], Kemp and Pedersen- 
Bjergaard [1933], Zondek [1934], Robson, MacGregor, Illingivorth, and 
Steere [1934], and Mazer and Israel [1936], have performed experiments 
of this kind on human patients and have recovered only 3-12% of adminis- 
tered oestrone from the urine. Smith and Smith [1931] w'orking with rab- 
bits have shown that after the injection of 600-700 rat units of oestrone, 
30 rat units or approximately 5% could be recovered from the urine, 
whilst Westerfield and Doisy [1937] have performed similar experiments 
with monkeys and have found that only l’5-o-3% of injected oestrone 
could be recovered even from an ovariectomized-hysterectomized animal. 
Pincus and Zahl [1937], however, have studied the oestrogen metabolism 
in rabbits under varying conditions and in some cases claim recoveries up 
to 98% of the hormone injected, and Smith and Smith [1931] have showm 
that by simultaneous injection of progesterone with oestrone in rabbits 
the recovery of oestrone is raised to 80%. 

In the majority of experiments, however, the amounts of the oestrogens 
administered were too small to permit of the isolation of the oestrogens 
in the urine, and it is possible that the oestrogenic activity found in the 
urine extracts, attributed to the original oestrogen injected, is due to a 
metabolic product which is itself oestrogenic. Again, the methods of 
extraction used by some workers are open to criticism. In some cases 
there is little doubt that insufficient care was taken to ensure complete 
liberation of the free oestrogens from their w'ater-soluble conjugated 
forms by hydrolysis. 

It was considered that it might be of great interest to investigate 
the fate of administered synthetic oestrogens in rabbits compared with 
lhat of oestrone, and tlic following experiments were carried out. The 
compounds used were 4 : 4'-dih3*drox3’-y : 5-diphenyl-?i-hexane [Camp- 
hell, Dodds, and Lawson, 1938], 4 : 4'-dihydroxy-a : ^-dicthvLtilbene 
^nd 4 : 4'-dihydroxy-y : S-diphenyl~^ : 3~hexadiene [Dodds, Golberg, 

^ Working on a grunt from the Council. 
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Lawson, and Robinson, 1!)I{8«, b, and 19.‘J9]. In all cases wliere oestro- 
genic activity was Ibnnd in tlio urine, oestrogcns were isolated in quanti- 
ties sullicient to account for the activity found. 

E.xckhi.mkntal 

'L’he tecln\i([ue tor the administration of the compounds was standard- 
ized as follows: 

The com[)ounds were each dissolved in SO ml. of sesame oil and two mature 
non-pregnant female rabbits were each injected with 2 ml. of this solution 
daily for a period of 20 days, the urine being eollected over this period and 
also for a further 7 days after the last injection. The urine specimens were 
stored in a refrigerator after the addition of toluene as a preservative. 

The method adopted for the extraction of the urines was as follows: 

The urine was extracted with benzene in a continuous extractor for 20 
hours. This extract containing the juaterial extractable before hydrolysis 
was termed the ‘free’ extract. The extracted urine was then acidified 
with concentrated hydrochloric acid (oO ml. acid per litre of urine), 
boiled under reflux for 2 hours, and again extracted with benzene for 20 
hours to give the ‘combined’ extract. 

The benzene extract, ‘free’ or ‘combined’, was evaporated to a con- 
venient volume, approximately 700 ml., extracted 3 times with 75 ml. 
portions of saturated sodium bicarbonate solution to remove acids, 5 
times with 100 nd. portions of 2N sodium hydroxide solution to remove 
phenols, and finally washed twice with 50 ml. portions of water, the water 
washings being added to the sodium hydroxide washings. The sodium 
bicarbonate washings were e.xtracted twice with two 75 ml. portions of 
ether, the ether solution being reserved. The sodium hydroxide washings 
were acidified to litmus with h^^drochloric acid and extracted 4 times with 
75 ml. portions of other, the ether solution from the extraction of the 
sodium bicarbonate washings being used for the first two extractions. 
The ether solution was washed twice with 50 ml. portions of water, dried 
over sodium sulphate and evaporated to dryness, to give the phenolic 
fraction from the extracts. 

I’or the pmqDose of biological assay each phenolic fraction was dissolved 
in acetone and made up to a definite volume. Aliquot portions of this 
solution were pipetted into test-tubes and sufficient acetone was added to 
make the volume up to 0*5 ml. 17’5 ml. of sesame oil were then added and 
the whole well shaken. For each test 5 ovariectomized female rats were 
used, each rat being injected twice daily with 0-5 ml. of the oil solution 
for 3 days, vaginal smears being taken on the 3rd, 4th, and 5th days. The 
unit adopted was under the lowest dose that would give 100% oestrous 
response under these conditions. 
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Controls 

Control experiments were previously carried out on the rabbits, which 
had been injected solely with sesame oil, and fi:om the ‘ free ’ and ‘ com- 
bined’ extracts made from the urine, phenolic fractions were separated as 
described. Large doses of these phenolic fractions when injected into 
ovariectomized rats failed to produce oestrous responses. Since very large 
doses of oestrogens were given to the rabbits in the later experiments, any 
small degree of activity in the control urine would of necessity be negligible. 

4 : 4'-Dihydroxy-y : B-diphenyl-n-hexane 
Two rabbits were injected with a total of 600 mg. over a period of 20 days. 

Volume of urine = 11,800 ml. 

Weight of phenolic fraction obtained 

from ‘free’ extract = 0-283 g. 

Weight of phenolic fraction obtained 

from ‘combined’ extract = 0-333 g. 

The results are shown in Table I. 

Table I 

Recovery by biological assay % recov. by biol. assay 

Amount / -*■ \ < * — » 

injected Free Combined Total Freo Comb. Total 

3,000,000 RU. 471.500 RU. 166,500 RU. 638,000 RU. lo-7% 5-6% 21-3% 

= 000 mg. ^ 94 mg. == 33 mg. ~ 127 mg. — — — 

The acetone solution of the ‘ free ’ phenolic fraction was evaporated to 
dryness and the residue dissolved in 20 ml. hot benzene. On cooling 78 mg, 
of needle-shaped crystals, m.p. 178° C., were obtained. On further con- 
centration the benzene solution yielded another 14 mg. After recrystalliza- 
tion from benzene, crystals, m.p. 184° C., were obtained which did not 
depress the melting-point of 4 : 4'-dihydroxy-7 : S-diphenyl-?i-hexane 
(m.p. 184 - 5 ° c,). The acetone solution of the ‘combined’ phenolic 
fraction was treated in the same way as above. 26 mg. of crystals, m.p. 
180° C., were obtained, which after recrystallization from benzene melted 
at 184° C. Again these crystals did not depress the melting-point of 4 : 4'- 
dihydroxy-y : S-diphenyl-n-hexane. 

i : T -Dihydroxy-y : h-di phenyl-^ : 6-hcxadiene 

Two rabbits were injected with a total of 600 mg. over a period of 
-’0 days. 

Volume of urine == 10,600 ml. 

Weiglit of j)licnolic fractiozi froizi 
the ‘free’ extract = 0*1 SS g. 

Weight of phenolic fraction from 

the ‘combined* extract === 0-370 g. 
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’I'lii) re.sult.s arc .shown in Table If. 


'L’ablo I[ 


Ainoniit 

1.:>00,0U0 iiV. 

(JUO ing. 


Uocovory by biologica! lusiiy 


Kroo Ci)m billed Total 

ou.ooo KU. •irMmo uir. io7,ooa uu. 

-o niK, : 18 ing. -18 mg. 


% rec. by biol. assay 


Froo Comb. Total 
3*0% 7-2o/o 


The acetone solution of tlie ‘free’ plienolic fraction was evaporated to 
dryness and tlio residue dLssolvcd in 10 ml. hot absolute alcohol. 10 ml. 
hot water were then added and the solution filtered hot and allowed to 
stand overnight in the refrigerator. 19 mg. of crystals, m.p. 226° C., were 
obtained which did not de[)ress the melting-point of 4 ; 4'-diliydroxy-y : S- 
diphcnyl-^ : S-hexadiene, m.p. 227° C. 

The acetone solution of the ‘combined’ phenolic fraction was treated 
in the same way as above. 12 mg. of crystals, m.p. 224° C., were obtained 
which did not depress the melting-jjoint of 4 ; 4'-dihydroxy-y : S-diplienyl- 

: S-hexadiene. 

•i .' •T-Dihydroxij-<x : ^-diethylslilbene 

Two experiments were carried out using this substance. 

1 . Tw'o rabbits were injected with a total of 3 g. over a period of 20 days. 

2. Two rabbits were injected with a total of To g. over a period of 20 
days. 

1. Volume of urine = 10,640 ml. 

Weight of phenolic fraction obtained 

from ‘free’ extract = 0-755 g. 

Weight of phenolic fraction obtained 

from ‘combined’ extract = 1-377 g. 

2. Volume of urine = 11,100 ml. 

Only 3 1. of this urine extracted 

Weight of phenolic fraction obtained 

from ‘free’ extract = 0-107 g. 

Weight of phenolic fraction obtained 

from ‘combined’ extract = 0-154 g. 

The results are shown in Table III. 


Table III 


Amount 

injected 

8.570.000 RU. 

EH 3-0 g. 

4.285.000 RU. 
=E 15 g. 


Recovery by biological assay 


Freo 

1.217.000 RU. 
HT 0-426 g. 

434.000 RU. 

^ 0-152 g. 


Combined 

940.000 RU. 
0-329 g. 

286.000 RU. 

^ 0-100 g. 


Total 

2.157.000 RU. 
^ 0-755 g. 

720.000 RU. 

^ 0-252 g. 


% rccov. by biol. assay 

Freo Comb. Total 

14-2% 11-0% 26-2% 

10-1% G-7% 16-8% 
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1. The acetone solution of the 'free^ phenolic fraction was evaporated 
to dryness, the residue then dissolved in 20 ml. boiling benzene, and the 
solution allowed to cool. 240 mg. of crystals, m.p. 161° C., were obtained. 
On concentration of the benzene solution and allowing to stand overnight 
another 174 mg. of these crystals were obtained. On recrystaUization 
from benzene 326 mg. of crystals, m.p. 166° C., were obtained which did 
not depress the melting-point of 4 : 4'-dihydroxy‘a : jS-diethylstUbene, 
m.p. 168° C. 

The acetone solution of the ‘ combined ' phenolic fraction was treated as 
above. 259 mg. of crystals, m.p. 163° C., were obtained, which on recrystal- 
lization from benzene yielded 206 mg. crystals, m.p. 167° C,, which did 
not depress the melting-point of 4 : 4'-dihydrox3’'-a: : ^-diethylstilbene, 
m.p. 168° C. 

2. No chemical separation was carried out on the phenolic fractions. 

0 estrone 

Two rabbits were injected with a total of 1*5 g. over a period of 20 days. 

Volume of urine = 11,800 ml. 

Weight of phenolic fraction from 

the ‘free’ extract 0*332 g. 

Weight of phenolic fraction from 

the ‘combined’ extract = 0*540 g. 

The results are shown in Table IV. 

Table IV 

Recovery by biological assay % recov. by biol. assay 

Amount r v ^ 

injected Free Combined Total Free Comb. Total 

1.250,000 RU. 0,700 RU. 12,500 RU. 19,200 RU. 0*54% 1-0% 1*54% 

1*5 g. m 8 mg. .u 15 mg. - 23 mg. — — — 

Tile acetone of the ‘free* phenolic fraction was evaporated to dryness 
and the residue dissolv^ed in 10 ml. hot glacial acetic acid and treated with 
Girard’s reagent ‘P* to obtain ketonic and non-ketonic fractions. The 
ketonic fraction was dissolved in a little hot ethyl acetate and the .solution 
allowed to cool. 3 mg. of crystals, m.j). 246° C., were obtained. On recrystab 
lization from ethyl acetate tlie crystals melted at 249° C. and gave no 
<lepre.ssion in melting-point when mixed with oestrone, m.p. 2.56^ C. 

Ihe non-ketonic fraction was dissolved in a little hot ethyl acetate and 
allowed to cool. 16 mg. of crystals, m.p. 211° C., were obtained. 

ihe acetone solution of the ‘combined’ phenolic fraction w.ls treated 
'vilh edrard's reagent in the same way as above. 5 mg. of cry.^tals, in.j). 
-la C.. were obtained from the ketonic fraction. On rccry.-taiii/.aiion 
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fioiu otliyl ucctutc thcso iiioltccl iit 2yl° C. luul (jiivc no clopression in 
melting-point when mixed witli oestrone, m.p. 250° C. 

Tlie crystals obtained from the non-ketonic phenolic fractions from the 
‘free’ and ‘combined’ extracts were mixed and recrystallizcd times from 
ethyl acetate to a constant melting-point of 21G° C. 

The following figures were obtained from the analysis (Sclioeller). 
Eound C = 78-9% H = 8-95% 

C'laHojOo requires C = 79*:]% H = S-9% 

When tested on ovariectomized rats the crystals were found to have a 
biological activit}' one-seventh tluit of oestrone. 

Discussion 

In attempting to give significance to tJie excretion of these synthetic 
ocstrogens it is necessary to regard with some reserve tlie relative amounts 
of the ‘free’ and ‘combined’ forms of these compounds found in the ui'ine. 
Under the condition of collection and storage of tlie urine it is difficult to 
ensure that no changes duo to putrefaction have occurred. It is possible 
that the combined forms of these s^uithetic substances are affected by 
putrefaction, as it has been shown [Callow, Callow, Emmens, and Stroud, 
1939] that putrefaction of urine from human subjects liberates the 
naturally occuring hormones from their water-soluble conjugated forms, 
thus giving a high value for the free substances excreted. Allowing for 
this possibility, the amounts of the ‘free’ phenols found in the rabbit 
urine during the experiments are surprising!}'’ large, when it is considered 
that with the natural hormones occurring in the urine of human subjects 
the amount of ‘free’ substances is so small, comjiared with the ivater- 
soluble combined forms, as to be negligible. It is also of interest to note 
the greater solubility of these synthetic ocstrogens in urine compared 
with their solubilities in water ; e.g. in the case of 4 ; 4'-dihydroxy-a : ^- 
diethylstilbene, 426 mg. of the ‘free’ phenol wei’e found in 10’64 1. of 
urine, giving a solubility approximately 40 mg. per 1., whereas in water 
the solubility is approximately 5 mg. per 1. 

In all cases the recovery of the synthetic ocstrogens is greatly higher 
than that of the oestrone under the same conditions. 4 : 4'-diliydroxy- 
y : S-diphenyl-?i-hexane and 4 : 4'-dihydroxy-a : ^-diethylstilbene give 
recoveries of the order of 20%, compared with 7-2% for 4 : 4'-dihydro.xy- 
y : 8-diphenyl-^ : S-hexadiene and 1-5% for oestrone. These figures indicate 
the greater stability of the synthetic ocstrogens in the body by comparison 
with oestrone and the possibility of a different metabolic path. 

Special interest is attached to the oestrone experiment where, contraiy 
to expectation, no oestriol was isolated from the urine. The non-ketonic 
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crystals, having an oestrogenic potency one-seventh that of oestrone 
when tested by our method, are doubtless a metabolic product of oestrone, 
and from consideration of the melting-point, analysis, and oestrogenic 
activity, probably ^-oestradioL The conversion of oestrone to ^-oestra- 
diol implies the reduction of the keto-group to the hydroxyl group, a 
process that is common in nature, e.g. the conversion of progesterone to 
pregnandiol, and testosterone to androsterone. 

SnmiAnY 

1. A technique for the extraction of synthetic oestrogens from rabbits’ 
urine has been described. 

2. The recoveries of the synthetic oestrogens 4 : 4'-dihydroxy-y : S- 
diphenyl-w-hexane, 4 : 4'-dihydroxy-y : S-diphenyl-^ ; S-hexadiene, and 
4 : 4'-dihydroxy-a : jS-diethylstUbene from rabbits’ urine are compared 
with that of oestrone under the same conditions. The recoveries found 
were: for 4 : 4'-dihydroxy-y : S-diphenyl-7i-hexane, 21-3%; for 4:4'- 
dihydroxy-y : S-diphenyl-^ : S-hexadiene, 7-2% ; for 4 : 4'-dihydroxy-a : /3 
diethylstUbene, 25-2% and 16-8%; and for oestrone, 1-5%. 

3. A non-ketonic phenolic metabolic product of oestrone, probably*' 
^-oestradiol, has been isolated from the urine of rabbits receiving large 
injections of oestrone. 

I wish to thank Professor E. C. Dodds for his kind interest and sug- 
gestions made during the course of this work, and Mr. W. Lawson for 
supplying the oestrogens used in the experiments. 
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T.HK uctioH ol ocsti'ogcMi oveixlosage has been studied by numerous investi- 
gators, and it was lound that besides influencing the development of the 
sex organs, these substances exert a marked influence on the pituitary, 
the adrenals, the liver, &c. [Hohlweg, Wolfe, 1935 a, 6; Selye, 

Collip, and Thomson, 1935; Selye, Harlow, and Collip, 193(5; and Selye, 
1938, 1939 «]. Since relatively few observations have been made up to the 
lu-cscnt along similar lines with chemically pure androgens, it appeared 
of interest to make a systematic study of the morphological changes pro- 
duced by large doses of testosterone. As most of our previous work with 
the oestrogens was performed on female animals, we decided to use females 
for this work also, so as to make experimental conditions comparable. 

The findings of previous investigators concerning the action of androgens 
on various organs are rather conti-adictory, partly because they used im- 
pure jireparations, and jiartly because most of the authors Avho worked 
with chemically jnire substances failed to realize that in order to obtain 
clear-cut overdosage s^nniitoms, huge amounts of androgens must be 
administered since in most cases, weight for weight, the androgens are 
considerably less active than the oestrogens. 

Concerning the action of the androgens on the ovaries, Castelnuovo 
[1937] and Regnier [1937, 1938] claimed to have obtained ovarian atrophy 
in fish treated with a testis preparation and testosterone propionate. In 
the toad (Bafo arenarmn) Lopez [1938] noted no ovarian change following 
testosterone administration, while Shai^iro [1936] and Shapiro and 
Zwarenstein [1937] obtained ovulation not only in situ but even in the 
excised ovary oi Xenopus laevis. In the fowl, testis emulsions [Kobayashi, 
1931] or daily administration of 5 capon units of ‘jn-oviron’ (androsterone 
benzoate) [Schoeller and Gehrke, 1933] inhibit ovulation. ‘Ludwig and 
V. Ries [1938] found that in a laying hen, 10 mg. of testosterone propionate 
administered on 2 successive days caused complete cessation of egg-laying 
during 1 month. In the guinea-pig, small doses of testis extract stimulate 
follicular growth while large doses cause ovarian atrophy and follicular 
atresia according to Migliavacca [1930 a, b, c]. On the other hand, Demp- 
sey [1937] claimed that testosterone or androsterone benzoate in doses of 
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0*1 mg. daily does not increase follicular growth in this species, while Traina- 
Rao and de Palo [ 1938 ] claimed to have obtained follicular atresia and 
atretic luteinization in guinea-pigs treated with up to 60 mg. of testo- 
sterone propionate. In Macacca mulatia Zuckerman [ 1937 ] observed 
inhibition of follicular growth and luteinization following twice weekly 
administration of 25 mg. of testosterone propionate. Neumann [ 1932 ] 
induced sterility in mice treated Avith large doses of testicular tissue, while 
Parkes and Zuckerman [ 1938 ] claimed to have obtained luteinization of 
the ovaries in adult, but not in pubertal mice treated with testosterone 
propionate. From the short report of their work it is not quite clear how 
these authors were able to ascertain that the corpora lutea they observed 
were not merely those of the normal cycle but were produced by the treat- 
ment. Nor do they make any statement regarding the dose of testosterone 
propionate which they employed. Groher [ 1938 ] saw ovarian atrophy and 
follicular atresia in the ovaries of immature mice treated with a testicular 
extract. In the rabbit, Cotte, Martin, and Mankiewicz [ 1937 ] observed 
follicular atresia following testosterone propionate administration, while 
Gyarmati [ 1938 ] claimed that small doses inhibit follicular growth while 
large doses (up to 33 mg. within 3 weeks) result in corpus luteum formation. 
McEuen, Selye, and Collip [1937 a] administered 2 mg. of testosterone 
daily subcutaneously during 22 days to young female rats. They noted a 
marked inhibition of ovarian development, since the average weight of 
the ovaries in the treated group was 16 mg. as compared with 31 nig. in 
controls receiving 2 mg. of cholesterol daily. Histological studies of these 
ovaries have not been made. Wolfe and Hamilton [1937 a] administered 
0*5 mg. of testosterone propionate to adult female rats dail^’’ for 10 da^^s. 
They came to the conclusion that ‘the ovaries of rats wliich received their 
injection either in estrus or mctcstrus contained corpora lutea which were 
definitely and consistently larger than those found in the ovaries of un- 
treated rats killed during the normal estral cycle’. Tn the rats which 
received tlieir first injection during diestrus, tlie results were more varied.’ 
McKcown and Zuckerman [ 1937 ] claimed that adult rats receiving 1 mg. 
of testosterone daily responded with the formation of functional corpora 
lutea. The authors do not state, however, how the}’ dcterniiiicd that the 
corpora they observed were actually produced as a result of the treatment. 
In immature female rats Hohhveg [ 1037 ] showed that androsterone fails 
to cause corpus luteum formation even if 50 mg. are given daily. Hehydro- 
androsterone, on the other hand, invariably produced precocious lutciniza- 
tion in doscs of 2-3 mg. per day, while testosterone in doses of 5-10 mg. 
per day caused corpus luteum formation in .some but not in all ca^c.^. 

The action of androgens on the adrtnah' has been .•'ludied by .Martin 
[1930], Pull [1933(2,6], and .Starkey and Schmidt [1938], who found tliat the 
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l)hyslologicnl involution of the X-zono which usually occurs at puberty in 
the male mouse may bo enhanced by the prepubertal administration of 
androgenic extracts. In the guinea-pig, Traina-Rao and do Palo [1938] 
claimed to have seen enlargement of the adrenal cortex after treatment 
with doses up to 00 mg. of testosterone pro])ionate, while Bottomley and 
Policy [1938] found no change in the gross weight of the guinea-pig adrenal 
following treatment with numerous crystalline androgenic sterols. In 
the rat, iMcEuen et al. (1937 a, b) obtained a decrease in the size of the 
adrenals in females (in which the glands arc normally larger than in males), 
while no such elfect could be obtained in the male. 

In the hypophysis of guinea-i)igs, treated with the androgenic prepara- 
tion ‘cnarmon’, Hashimoto [1937] observed hyperplasia of the eosinophil 
cells but no change in the basophils. Franck [1937], on the other hand, 
states that 20-50 capon comb units of ‘virex’ administered within 2-5 
days causes pituitary changes identical with those elicited by oestrogen 
treatment. Traina-Rao and de Palo [1938], who adminstered large doses 
of testosterone projnonatc to male and female guinea-pigs, also failed 
to see any dilferencc between the pituitary changes caused by this sub- 
stance and those elicited b}'^ oestrogens. Bottomley and Folley [1938] 
observed no signilicant changes in the weight of the hypoph3'^sis of young 
male guinea-pigs treated with numerous pure androgenic substances. In 
the rat, Biihler [193G] claimed to haA'o obtained pituitary changes with 
the androgenic preiraration ‘proviron’ (androsterone benzoate) which, 
though not as marked, were of the same nature as those produced by 
oestrogens. Wolfe and Hamilton [1937 a, b, c] noted that daily injection 
of 0-5 mg. of testosterone propionate during 10 daj^’s induced degranula- 
tion of the basophils but no iroteworth}’- changes in the acidophils or chro- 
mophobes. Ten daily injections of 2 mg., on the other hand, caused de- 
granulation of both types of chromojrhile cells and enlargement of the 
negative images of the Golgi apparatus. McEuen et al. [1937 a] found that 
jrrolonged treatment with 0’2 mg. of testosterone daity has no effect on 
the gross size of the pituitarj'’ in the rat. 

The thyroids of guinea-pigs treated with crude testicular extracts show 
signs of atrophy, according to Jedlowski [1935]. On the other hand, 5 mg. 
of testosterone propionate administered every 2nd day during a period of 
8-20 days causes marked activation of the thyroid in young guinea-pigs, 
according to Carriere, Morel, and Gineste [1938]. Bottomley and Folley 
[1938], however, who used smaller doses of testosterone jn’opionate and 
other androgenic sterols, were unable to observe any significant change in 
the weight of the tlyn-oids in young male guinea-pigs. 

The gross weight of the liver and kidneys is slightly subnormal in male 
castrate rats but returns towards normal following treatment with com- 
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mercial androgenic preparations, according to Korenchevsky and Denni- 
son [1934]. 

Experimental 

Seven adult grey female mice (Bar Harbor ‘dba ’ strain) received 5 mg, of 
testosterone propionate in 0*2 ml. of Mazola oil daily subcutaneously 
during a period of 20 days. On the 21st day these animals and 6 untreated 
controls of approximately the same size and age were sacrificed and dis- 
sected, Their ovaries, adrenals, thyroids, h 3 ^ophysis, liver, spleen, and 
kidneys were weighed after fixation in Heidenhain’s ‘Susa^ mixture. We 
decided to weigh the organs after fixation because their dissection and 
accurate weighing is quite time-taking, and especially the small endo- 
crine glands of mice tend to dry out so rapidly that they become useless 
for histological studies unless they are fixed immediately after death. 
The following table summarizes the organ weights in the testosterone- 
treated and normal animals. 

Table I. Organ weights of testosterone-treated mice. All organ weights are 
expressed in mg. and the body -weight in g. 

Teatosterone-treatcd 7nice 


Body-woight 

1 

2 

3 

4 

5 

6 

7 

Average 

23 

24 

20 

21 

21 

23 

24 

22 

Ovaries 

7*2 

6-9 

5*6 

7-3 

6-0 

8-0 

90 

7-1 

Adrenals 

6-4 

GO 

G-0 

5-6 

61 

7-0 

5-8 

6-1 

Thyroids 

3-8 

4*0 

3-6 

3-4 

4-0 

3-7 

3-8 

3-8 

IlypophysLS 

2*2 

2-3 

2-0 

2-0 

2-1 

2-1 

1-6 

2-0 

Kidneys 

568 

700 

558 

CIO 

552 

636 

644 

609-7 

Liver 

1570 

1880 

1370 

1490 

1500 

1670 

1770 

1607-1 

Spleen 

168 

190 

128 

146 150 

Untreated mice 

153 

156 

153-9 

Body-weight 

1 

2 

3 

4 

5 

6 

7 

Average 

21 

26 

26 

25 

26 

30 

35 

25-3 

Ovaries 

180 

lG-0 

200 

220 

150 

17-0 

210 

18-4 

Adrenals 

100 

8-0 

no 

9*2 

100 

80 

8-1 

9-2 

Thyroids 

GO 

40 

4-8 

3-8 

5-1 

5-2 

4-1 

4-7 

Hypophysis 

3-8 

2*4 

2-9 

30 

31 

3-2 

3-1 

3-1 

Kidneys 

380 

484 

530 

406 

490 

486 

332 

472-6 

Liver 

1500 

1300 

1500 

2000 

2010 

2070 

1700 

1730 0 

Spleen 

123 

110 

70 

138 

135 

120 

140 

122-3 


All organs were examined histologically, 3-3/x sections being made after 
embedding in paraffin. Ail sections were stained with liaernatox^din eosin 
and with iron haematoxylin exce[)t the pituitaries, which were stained 
witii the method described by Selye and McKcown [103.>], wliich proved 
particularly useful for the study of the various anterior lobe cells, 

Ihe oL'arics (sec Figs. 1 and 2) of the tcsto-'^terone-treatcd animaLs 
'Sere much smaller than tho.-e of the controls, llijstologieal exam- 
ination showeil that compact eor[)ora lutoa were invariably absent and 
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most of tho ovuvian tissuo consisted ot large follicles, follicular cysts, 
and a few cystic corpora lutca, having an unsually large central cavity 
Idled with colloid. In two eases largo ‘blood-points’ were observed, that 
is to sa^s greatly enlarged follicles whose antrum was filled with blood 
while the granulosa cells were perhaps in the process of beginning lutcini- 
zation. Like the cystic lolliclcs and cystic corpora lutea, these blood- 
[)oints were unusually large because of their wide central cavity. The 
interstitial tissue of tho ovary was atrophic and the stroma of the gland 
consisted almost e.x'clusivoly of ordinary connective tissue. This is in 
marked contrast with the condition of tho normal control ov’aries which in 
the ca.se of ‘dba ’ mice arc extremely rich in interstitial cells. The excessive 
development of the interstitial tissue in this strain of mice accounts at 
least partly for the fact that their ovaries are much larger than those of 
most other strains we examined. 

The lact that testosterone given in large doses stimulates follicle 
maturation stands in marked contrast with the results obtained following 
the administration of oestrogons in massive doses. The latter, as is 
generally known [Hohlweg, 1934; Selye et al. 1935; &c.], cause lutoiniza- 
tion of the ovaiy. In the case of the oestrogenic substances we were able 
to prove that this effect is due to stimulation of the pituitary, because in 
hypophysectomized animals the ocstrogens fail to produce new corpora 
lutea [Selye and Collip, 1930]. It is possible that oestrogens stimulate the 
pituitary to release luteinizing hormone, while testosterone causes the 
gland to discharge the follicle-stimulating jJrinciple. 

Since the gross size of the ovaries decreases after testosterone adminis- 
tration, it is easy to understand that those authors who limited their 
observations to tho determination of the ovarian weights concluded that 
testosterone causes atrophy of the female gonad. It is now known that 
androgens may exert a progesterone-like effect on the endometrium. 
Hence one may have to revise the conclusion of those investigators who 
claim to have obtained functional corpora lutea with testosterone because 
in their treated animals uterine trauma resulted in deciduoma formation. 

It may be that the deciduomata which occurred in the testosterone- 
treated animals Avere due to the testosterone itself and not to corpus 
luteum hormone secreted by corpora lutea Avhich were believed to have 
been produced by the androgen. The fact that testosterone tends to 
stimulate follicular growth may also explain why animals receiving 
gonadotrophic substances simultaneously Avith testosterone respond pre- 
dominantly Avith follicle maturation [Selye, 19396]. 

The adrenals (Figs. 3-6) of our testosterone-treated mice Avere con- 
siderably smaller in Aveight than those of the control group. This is by 
no means purely due to involution of the X-zone, since this zone is not 
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well developed under any conditions in either sex in this strain. Histo- 
logical studies of the adrenals revealed that the atrophy was mainly, if 
not entirely, due to involution of the cortical cells, but all three zones 
participated. Figs. 5 and 6 show that there was an actual decrease in the 
cytoplasm content of the individual cortical cells as compared with the 
normal. In view of the fact that large doses of oestrogen increase the size 
of the adrenal cortex, it appears that with regard to their action on the 
suprarenal gland, testosterone and the oestrogens also exert contrary 
effects. 

The thyroids (Figs. 7 and 8) of the testosterone-treated mice are 
larger than those of the controls, and histologically, in most cases, 
there appeared to be some increase in the height of the follicular epithelium 
and some coUoid absorption under the influence of the androgen. This, 
however, was not always as obvious as in the case shown in our photo- 
graphs. 

The hypophysis was significantly smaller than normal following testo- 
sterone propionate treatment. This is another example showing the 
contrary effect of testosterone and the oestrogens, since it is well known 
that the latter elicit marked enlargement of the hypophysis, sometimes 
resulting in tumour formation. It should be emphasized particularly that 
we found no evidence of degranulation in the cliromophile cells of the 
anterior lobe in these mice, so that our histological observations confirm 
the contention that contrary to what has been claimed by several other 
investigators whose names were mentioned in the introductory section of 
this communication, even the large doses of testosterone used in the 
present experimental series failed to elicit any pituitary change comparable 
to that produced by the oestrogens. 

The liver and sjdeeii of our treated animals showed no significant histo- 
logical changes. The gross weight of the liver was likewise approximately 
normal, and although the average weight of the spleen was slightl3' in- 
creased in comparison with the control group, the individual variations 
m the weight of this organ were so pronounced that it is doubtful whether 
treatment had an}^ effect on the splenic tissue. We wish to emphasize 
that we have never seen liver necrosis and periportal hepatitis in these 
testosteronc-propionatC'treated mice, although such changes were ex- 
tremeh’ fre(picnt and often resulted in death in mice receiving large do^es 
of various oestrogens [Selye, 1030a]. 

I he hidncys, as will be seen from the table, are greath’ enlarged as a 
result of testosterone propionate admini:5tration, *Since this effect of 
testo:3terone was the object of a special study and has been dealt with in 
detail in a separate coniinunication [^Selye, 1030 c], it will sulTice to mention 
here that the enlargement is niainh’ due to hypertro]>hy of the cells uf the 
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proximal and distal convoluted tubulea and of the parietal lamina of 
Bowman’s capsules while the glomeruli and the collecting tubes are 
ap[)arently intact. 

SmM.UAuy 

Daily administration of 5 mg, of testosterone propionate to adult 
female mice during a period of 20 days causes a decrease in the total size 
of the ovaries, disappearance of normal corpora lutea, and marked follicle 
stimulation with the formation of follicular and occasionally of corpus 
luteum cysts. The adrenal cortex becomes atrophic, the hypophysis 
decreases in weight Avithout, however, showing any indication of a de- 
granulation of the anterior lobe chromophile cells. The kidneys are 
markedly changed, and histological examination reveals hypertrophy of 
the proximal and distal convoluted tubules and of the parietal lamina of 
Bowman’s capsules. The liver and spleen show no significant morpho- 
logical alteration. Even such high doses of testosterone propionate as have 
been used in these experiments do not produce toxic actions comparable 
to those observed following oestrogen overdosage. 

With respect to the changes i)roduced in the ovaries, the adrenals, and 
the pituitary, the effect of testosterone propionate appears to be the 
opposite of that of the oestrogens. 

The expenses of this investigation were defrayed in part through a 
grant in aid received from the Schering Cori^oration of Bloomfield, N.J. 
The author is especially indebted to Drs. G. Stragnell and E. Schwenk of 
the above Corporation for the testosterone propionate used in these 
experiments and to Miss E. Smith and Messrs. K. hfeilsen, D. McKinnon, 
H. Torunski, and C, Rasmussen for their untiring technical assistance 
without Avhich this work could not have been performed, 
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EFFECTS OF SYNTHETIC OESTROGENS AND 
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BY SUBCUTANEOUS IMPLANTATION OF 
CRYSTALS OR TABLETS 

JJv J?. L. NOBLEI 

From the Courtiiutd Imtiiulc. of Jiiochtmistri/, Middlesex 
llospilul, Loudon, U\ 1 

(Received 10 Mmj 1030) 

In a preliminary report [Noble, lO.'lS «] it was shown that the subcutaneous 
implantation of erystals of synthetic oestrogenic substances was followed 
bj-- an inliibition of botl 3 '-growth for a prolonged period in adult rats, a 
decreased rate of growth in young animals, and a loss of gonadotrophic 
hormone from the anterior 2 )ituitaiy gland associated with atrophy of the 
reproductive organs. These changes could be ])roduced Lv n substance 
such as diethylstilbocstrol, the molecular structure of which had but 
little resemblance to the naturally’- occurring oestrogens. Up to the ju’esent 
time no qualitative differences in the effects of oestrogens on the various 
parts of the bod}^ have been demonstrated. Since a large scries of syn~ 
thetic oestrogenic substances which had been prepared in this laboratory 
were available for experimental stud^', it has been i^ossible to compare 
the effects of representative active substances from different chemical 
groups with closel}’' related substances of little or no oestrogenic activity. 
The various oestrogenic substances which have been used in these experi- 
ments have been previousl}' described b}' Cook, Dodds, Hewett, and Law- 
son [1934]; Cook, Dodds, and Lawson [193GJ; Dodds, Golberg, Lawson, 
and llobinson [1938 a, 1938 6] ; Dodds and Lawson [1938] ; Dodds, Lawson, 
and Noble [1938]. 

The observations of Haddow, Scott, and Scott [1937] that some lydro- 
carbons which had carcinogenic but not oestrogenic properties produced 
a reduction in bod^'^-growth and a decreased sexual activity in rats ap- 
peared of interest in their relationship to the problem under investigation. 
If the action of these non-ocstrogenic ly'^drocarbons on growth and the 
pituitary gland Avas similar to that of oestrogenic substances, it Avould 
demonstrate that the molecular structure necessary for the production of 
oestrus was not essential for the production of the other effects. Experi- 
ments have been conducted, therefore, with A^arious carcinogenic sub- 
stances. 

‘ Porfonnod during tho tonuro of a Lovorliulnio Follou'ship, Royal Collogo of Pliysieinns. 
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Methods 

White rats of the Wistar strain which were bred in this Institute have 
been used throughout. They were raised and maintained solely on a diet 
of compressed food of the same composition and form as described by 
Thomson. [1936], Lettuce was given as a supplement once a week. Special 
precautions were taken to ensure that a constant supply of water was 
always available. 

In the preliminary experiments 10 or 100 mg. of crystals of the sub- 
stances to be investigated were implanted directly into the subcutaneous 
tissues of immature or adult rats. With such a method of administration 
the dosage could only be approximately estimated, since it was impossible 
in most cases to weigh the crystals remaining at the end of the experiment. 
In some cases tablets of 10 mg. size were made by pressure, mthout 
excipient or binding agent, and implanted subcutaneously, as described 
by Deanesly and Parkes [1937, 1938]. Synthetic substances were found 
to be less suitable for maldng into tablets than was oestrone, and con- 
siderable variation in hardness must have occurred. When removed from 
the animal the connective tissue covering was carefully dissected off and 
the remains of the tablet dried and weighed. 

When the rats were treated with gonadotrophic extracts of pregnancy 
urine the injections were given in equal doses over 5 days, and the animal 
killed on the following day. The animals were weighed at regular intervals 
during the experiment, and the body-weight has been used as an index 
of body-growth. At autopsy the various organs were dissected, fixed in 
^ouin’s solution, and then weighed, or weighed from 70% alcohol, as 
indicated. In some cases the pituitary gland was weighed in the fresh 
state. 

r or ease m presentation, the various substances tested have been desig- 
nated by a number, and are given in Table I. The approximate oestro- 
ocnic activity has been calculated from previously published tests and 
o-xpresscd in International Units per gram. This activity had been deter- 
mined in ovariectomized rats by the vaginal smear method following six 
^nbeutuneous injections, over 3 days, of the substance dissolved in sesame 
» or in the case of Sub.2G and Sub. 27, in aqueous alcohol solution. 


Resuets 

implantation in mature rats. The substances employed were im- 
•iiUea into groups of three or five male and female mature rats, and the 
nninu s killed 4 weeks after crystal implantation. In Table II and Table 
changes in body-weight and endocrine weights are recorded, 
results m general were similar to those previously reported [Noble, 
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IJWSaj in tiiufc .substances u'liich had strong oestrogenic properties exerted 
a«i inhibiting elVeet on body-growth and on anterior pituitaiy function. 
In mule ruts the gain in weight which was exhibited after tlie administra- 
tion of inactive substancc.s was greater than that shown by the females. 
The male rats, liowever, were used at a lower initial weiglit, and exhibit 
a more rapid growth curve tlian the female at tlii.s size. ’^I’he former bavin" 

O 

'fable I 

Sub.l. 1 ; li-Diliydroxy-l ; 2-iliplionyl-iiceimplUlu’iio 
8ui).2. Triplu’iiyl ciirhinol 
Suh.«b I -Hydroxy 'tlilnMi^yl 
Sub, 4. Dil)eu7,yl 

Sub. 5. l-Koto-l : 2 ; 3 : *l : T) ; 0 : 7 : 8-octiihydroanthn\ceno 

bub.t). y : 10-Dihydroxy-t) : lO-di-cyc/ohoxyld) : lO-iiihydro-l ; 2 : o ; O-dibonzanthracono 
Sub. 7. Piienanthi-ono 
Sub. 8, Chry.soiio 

Sub. 9, I : 2-c//c/o[)catouoplionauthrono 
Sub. 10. 1 : 9-diinot)jyI-phenanthrcno 
Sub. 11. 1:2:5: (i-Diboii/anthracorio 
Sub, 12. I : 2-Bou/.pyreno 
Sub. 13. .Motliylcholantlireiio 

Sub. 14. 4 : I'-Diliydroxy-oc : /I'dibenzylidonc-dibenzyl 
Sub. 15. : j3-Di(4-hydroxyphonyI)-propano 

Sub. 10. 4 : 4'-Diliytlroxydiphonyl-mothano 
Sub. 17. Diphonyl-a:-naplithyI carbiuol 
Sub. 18. Stilbono 

Sub. 19. 4 : 4'-DiIiydroxy-stilbono 
Sub. 20. 4-Hydroxy-stiIbono 

Sub,21. 1 : 2-Dihydroxy-l : 2-di-a-naphthyl-accnaphtheuo 
Sub.22, Triphcuyl-othylono 

Siib.23. 9 : 10-Di!iytIroxy-9 ; lO-cli-c^c/opontyl-9 : lO-dihydro-l : 2 : 5 : 6-dibcnzanthraceno 

Sub. 24. 9 : IO-DdiycIroxy-9 : lO-cIi-u-propyI-9 : 10-dihydro- 1 : 2 ; 5 : G-dibouzanthraceno 

Sub.25. 4 ; 4'- Dihydroxy -a : j?-dimethyl stilbono 

Sub. 20. 4 : 4'-Dihydroxy-)? : 5-diphonyI-^ : 5-hexadicno 

Sub.27. 4 : 4^Dihydroxy-a : )3-diothylstilbono 

a more constant and uniform growtli are tlie more reliable test animals 
on which to determine growth inhibition. Inspection of tlie male animals 
showed that the testes were retracted and that the scrotal tissue had 
practically disappeared. Marked atrophy of the testes was associated 
with cessation of androgen secretion, since tlie jirostate and seminal 
vesicles were reduced to a minimum size. In the female, atrophy of the 
ovaries was to be expected from the inhibition of the pituitary gonado- 
trophic hormone secretion, but, since oestrone may exert a direct effect 
on the corpora lutea of the rat [Hohhveg, 1934 ; Nelson, 1934 ; Selye, Collip, 
and Thompson, 1935; Wolfe, 1935; Ellison and Burcli, 1936], and as 
Robson has shown [1937] even after hypophysectomy in the rabbit, the 
final results Avere rather varied. The weight of the uterus also shoAved a 
considerable variation. Enlargement of the adi-enals and the pituitary 
gland was noted in both sexes. 
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5ome degree of differentiation in the various effects was exhibited m 
> case of a few substances. The ovarian weights recorded after the 
aiinistration of the highly active Sub.26 were almost twice as great as 
ise after treatment ivith the equaUy active Sub.27. It appeared from 


ible II. Ejfect of synthetic oestrogens and carcinogens on adidt male rats 
Crystals implanted for 4 weeks 

Av. body-weight Av. per 100 g. body-weight* 


^ 1 


ub- 

mce 

I.XJ. per 

g. 

Rat 

dose 

Xo. 

rats 

Initial 

g* 

Change 

g* 

Adre- 

nals 


mg. 




mg. 

ib.l 

0 

100 

3 

142 

-f48 

17 

2 

0 

100 

3 

149 

-V-6Q 

12 

, 3 

0 

100 

3 

143 

4-58 

14 

, 4 

0 

100 

3 

152 

-p80 

14 

, 5 

0 

100 

3 

148 

4-65 

14 

, 6 

0 

10 

3 

125 

4-84 

13 

M 7 

0 

10 

5 

159 

+ 75 

13 

8 

0 

10 

5 

163 

+ 53 

14 

M 9 

0 

10 

4 

168 

+ 75 

11 

» 10 

0 

10 

5 

140 

4>61 

14 

„ 11 

(carcino- 




~x~ 7 0 

13 


genic) 0 

10 

5 

147 

M 12 

(carcino- 




4-82 

13 


genic) 0 

10 

5 

130 

>. 13 

(carcino- 







genic) 0 

10 

5 

145 

4-45 

15 

14 

200 

10 

3 

129 

+ 55 

16 

»> 15 

120 

100 

3 

150 

4-52 

19 

10 

120 

100 

3 

113 

4-79 

16 

.. 17 

120 

100 

3 

137 

4-70 

16 

.. la 

480 

100 

3 

141 

4-49 

20 

11) 

2400 

100 

3 

123 

+ 57 

17 

20 

2400 

100 

3 

137 

4-41 

21 

21 

2400 

100 

3 

135 

4“ »-)3 

18 

22 

2400 

100 

3 

133 

+ 6 

30 

M 23 

12,000 

10 

3 

125 

+ S4 

13 

M 21 

2lxl0< 

10 

3 

123 

4-30 

32 

.. 25 

GOx 10‘ 

10 

3 

150 

+ 42 

19 

.. 26 

20xl0« 

10 

3 

137 

- 7 

41 

M 27 

2lxl0« 

10 

3 

140 

4-42 

19 


Semi- 
nal ves. 
mg. 
260 
233 
293 
273 
271 
201 
315 
302 
232 
325 


278 


256 


273 

308 

188 

163 

219 

164: 

120 

112 

142 

23 

201 

30 

191 

26 

146 


pros- 

Testes 

tate 

mg. 

mg. 


255 

1205 

314 

1180 

317 

1247 

239 

1118 

250 

1172 

226 

1268 

338 

1136 

282 

1276 

228 

1048 

318 

1143 

287 

1212 

284 

1173 

279 

1278 

294 

1441 

236 

1024 

210 

1272 

264 

1200 

204 

1085 

180 

1268 

152 

1015 

184 

1395 

59 

644 

226 

1268 

63 

731 

206 

11S9 

57 

393 

170 

969 


Pitui- 

tary 

mg. 

3-8 

3-5 

3-5 

3*7 

3-4 

3-7 

3*6 

3*9 

3*4 

3-8 

3-6 

3-7 

3- 8 
4*3 

4- 0 
4*2 

3- 9 

4- 3 

4- 0 
4*3 
4*2 

5- 3 
3*7 
5*1 
4*3 

11*3 

4*1 


* Pituitary gland weighed in fresh state— other organs after fixation. 


iiispectiou and microscopic appearance that the corpora lutea were large 
and well maintained. Sub.2G, therefore, appears more efficient in stimu- 
lating the corpora lutea than any other substance tested. In the animals 
treated with Sub.22 the well-marked atrophic changes due to inhibition 
of pituitary secretion were present, but the size of the pituitary gland w^as 
normal. This was in striking contrast to the weight of the pituitary gland 
recorded after treatment with Sub. 20 and Sub.27. In addition, Sub. 2 2 
'vas found to exert a much greater general action than would be expected 
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fioiu its relatively low oestrogenic property. This does not appear to be 
readily explained, unless the cllects on the pituitary gland of this sub- 
stance are substantially greater than its action on the vagina. The oppo- 
site hnduig, that some substances such as Sub. 23 exerted a lesser effect 
than would bo expected from the oestrogenic activity, may readily be 

Table III. Effect of synthetic ocstroyens on adult female rats — Crystals 

implanted for i weeks 


Av. botly-weight Av. per 100 g. body-weight* 

. — ill II — -■ ■* 


Sub- 

LU. per 

Kut 

No. 

Initial 

Chungo 

Adro- 

Utcrua 

Ovaries 

Pitui- 

atauco 

g* 

(loso 

rata 

g* 

g- 

nala 

mg. 

mg. 

tary 



nig. 




mg. 



mg. 

Sub.l 

0 

100 

3 

151 

4-18 

27 

202 

31 

6*8 

o 

If ^ 

0 

100 

3 

157 

-fl9 

26 

286 

32 

5-6 

f» d 

0 

100 

3 

168 

4- 9 

31 

319 

33 

7*1 

.. 4 

0 

100 

3 

155 

-fio 

26 

297 

34 

50 

f> 5 

0 

100 

3 

101 

-h S 

29 

244 

38 

6-0 

e 

0 

100 

3 

160 

-i-l-l 

27 

231 

35 

5-2 

.. 14 

200 

10 

3 

150 

+ 13 

21 

493 

27 

5‘7 

If 15 

120 

100 

3 

168 

4-14 

27 

300 

34 

6-0 

.. 10 

120 

100 

3 

156 

-fl? 

20 

192 

30 

5*5 

17 

120 

100 

3 

136 

-f-22 

20 

418 

36 

O'O 

.. 18 

‘ISO 

100 

3 

152 

-f 4 

29 

326 

36 

6*2 

.. 19 

2100 

100 

3 

163 

- 5 

25 

258 

27 

6-2 

20 

2100 

100 

3 

163 

+ 7 

30 

209 

30 

6-2 

21 

2400 

100 

3 

102 

-M2 

27 

250 

29 

5-2 

oo 

f > 

2400 

100 

3 

MS 

.•).) 

47 

442 

20 

7-2 

23 

12,000 

10 

3 

Ml 

+ 21 

29 

403 

36 

5*3 

.. 24 

21x10* 

10 

3 

157 

+ 5 

33 

219 

26 

5*4 

„ 25 

60x10* 

10 

3 

149 

-M5 

35 

279 

29 

6*9 

„ 20 

20 X 10® 

10 

3 

163 

-10 

49 

1179 

48 

16*5 

,, 27 

2‘4X10“ 

10 

3 

127 

-f30 

42 

288 

25 

9*2 


* Pituitary gland weighed in fresh state — other organs after fixation. 


explained by variations in solubility. In cases Avhere the solubihtj’' was 
extremely low it was to be expected that even active substances would 
produce little effect when administered in the form of crystals. A sub- 
stance which was readily soluble was Sub. 27. In this instance the effects 
of 10 mg. of crystals were apparent only from 14 to 20 days. While the 
differential actions exhibited by some substances appeared quite definite, 
the variation in solubility makes it impossible to state whether these were 
of a qualitative rather than a quantitative nature. The three carcinogenic 
hydrocarbons which were tested did not produce any appreciable change 
in body-growth or in the weights of the gonads. Since these substances 
have a low solubility, it is possible that the amount absorbed was not 
great enough to produce any effect. 

Crystal implantation in immature rats. Only the three oestrogenic sub- 
stances which exerted the greatest inhibiting action on growth and on 
the secretion of the pituitary gonadotrophic hormones in the adult rats 
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were used for implantation into immature animals. The effect on growth 
in these animals was in striking contrast to the inhibition which occurred 
in animals over 130 g. in weight. As was previously shown [Noble, 1938 a], 
Sub.26, when implanted into adult animals, suppressed growth. When 
given to rats at an average of 65 gm. in weight a shght increase in growth 
took place. When the animals were started at 36 g., however, only a 
slight alteration from the normal growth occurred. It appeared, therefore, 
that in immature rats the pituitary gland might secrete such large amounts 
of growth hormone that the oestrogenic substance was not capable of 
entirely suppressing its effect. On the other hand, some extra -pituitary 
growth mechanism might be present in young animals, which was unin- 
fluenced by oestrogenic substances. This problem will be discussed later, 
but the growth of the immature rats following crystal implantation has 
been included in Table IV. In some cases a diminution was observed. 

Following crystal implantation in immature rats it was found that, 
although growth continued, inhibition of pituitarj’’ gonadotrophic secre- 
tion was complete in that the gonads remained in the infantile state. On 
gross and microscopic examination the gonads resembled those of an 
animal following hypophysectomy. The functional capacity of the pitui- 
tary to secrete gonadotrophic hormone in such animals was determined 
by the response of the ovary to injections of pregnancy urine extract. 
Treatment mth such extracts produces well-developed corpora lutea with 
an increased ovarian weight in immature intact rats, but only a diffuse 
luteinization of the ovary in hypophysectomized rats. This difference in 
response is related to the stimulation of the anterior pituitary gland to 
secrete gonadotrophic hormone [Noble, Rowlands, Warwick, and Williams, 
1939], The effects of pregnancy urine extract on immature female rats 
3 weelcs after crystal implantation are shown in Table IV. The ovaries of 
these animals were increased in weight and showed corpora lutea. The 


response, therefore, 'was similar to that observed for intact immature rats. 
In some cases ovarian weights greater than those produced in normal rats 
were found. Although the secretion of pituitary gonadotrophic hormone 
was inhibited by the oestrogenic substance, the condition of the gland was 
such that it could respond normally to pregnancy urine extract. 

Tabht im'planlation in immature rats. In order to examine the effect of 
the more active oestrogenic substances over a prolonged period they were 
niade into 10 mg. tablets which were implanted subcutaneously into im- 
mature rats. The animals were killed from 10 to 2 1 weeks after the tablets 


were inserted. Control operations were performed on some animals, which 
''ore kept under similar conditions for comparative study. A 10 m:'. 
tablet of Sub. 27 was implanted into each of five male and five female rats, 
leu weeks later two of the male and tlirec of the female animals were 
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killed so that the api)roxiiimto size of the gonads could be ascertained 
('I'able V). At 11 weeks the tablets were removed from two of the remain- 
ing males and the two females. The growth of the ten rats for the first 
10 weeks may be compared with that of normal rats in Fig. 1. The subse- 


'I’ablo IV. Effect of miplanted oestrogenic crystals and injections of 'pregnancy 
urine extract on immature female rats 






Av. body. 



wciglit 

Av. 

per 100 g. 

body- 

weight* 

Xo. of 

Sub- 

Rat 

Dura- 

Initial Changu 

Adre- 

Uterus 

Ovaries Pitui- 

rata 

stanco 

doao 

tion 

K- 


nals 

mg. 

mg. 

tary 


no. 

mg. 

Days 



mg. 



mg. 

8 

Normal controls 

21 

29 

4-57 

— 

— 





5 

Normal controls 

21 

40 

>h50 

— 

— 



— 

5 

27 

10 

22 

41 

-h52 

20 

157 

10 

9-0 

o 

2G 

10 

28 

GG 

4-22 

4G 

2SG 

20 

12*7 



Treated with pn 

'.ynaney uruic extract 

2-0 n\y 

. UPlO 



5 

controls 

— 

— 

94 

— 

— 

no 

81 

— 

o 

2G 

10 

2G 

27 

+.n 

— 

IGG 

GO 

— 

5 

22 

100 

2G 

2G 

+ 5:2 

— 

127 

101 

— 

5 

»)•> 

100 

21 

58 

+ 2S 

— 

123 

72 

— 



Treated with pregnancy urine 

extract 100 m,u, Phy^cx 



5 

controls 

— 

— 

51 

— 

— 

1G4 

53 

— 

5 

27 

10 

24 

29 

+ 42 

28 

322 

123 

9-6 


♦ Pituitary gland woiglied in fresh state — other organs after fixation. 

Table V. of 10 mg, tablets of Sub,27 on immature rats 

Av. body-weight Av. per 100 g. body-weight* 


Rat no. 

Dura- 

tion 

Final 
wt. of 

Initial 

.A ^ 

Change 

Adre- 

Seminal 

Pros- 


Pitui- 


Wcelcs 

tablet 

g- 

g* 

nals 

vesicles 

tate 

Testes 

tary 



mg. 



ITVg. 

mg. 

mg. 

mg. 

mg. 

748 

10 

1 

42 

4-101 

24 

28 

20 

108 

5’5 

752 

10 

2 

46 

4-84 

29 

SO 

40 

146 

10-0 







Uterus 

Ovaries 









mg. 

mg. 



759 

10 

5 

41 

4-76 

36 

293 

6 

— 

IS-S 

760 

10 

3 

38 

4-69 

31 

290 

4 

— 

25*2 

763 

10 

3 

38 

4-79 

35 

280 

5 

— 

12-8 


* Pituitary gland weighed in fresh state — other organs from 70% alcohol. 

quent growth of the animals which had the tablets removed is also 
included. 

The four animals from which the tablets were removed were allowed 
IG weeks in which to return to normal, and they were then mated to 
normal animals. Both the treated male rats sired litters, while one of the 
females gave birth to and raised a noi’inal litter. Apparently the rejjro- 
ductive organs had sufficiently recovered, from the atrophic condition 
seen in the rats listed in Table V, for normal reproduction to take place. 
The effects of 10 mg. tablets of Sub. 26 were determined siznilarly in 
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four male rats and nine females over a period of 17-18 weeks. Fig. 2 
shows the growth curve of these rats. Four of the female animals were 
injected with pregnancy urine extract for the 5 days before they were 
killed, and the results are included with those obtained in the remaining 
rats in Table VI. 



The growth curve of the rats in these experiments showed the striking 
difliercnce in response which was found between the immature and mature 
rats. Growth was slightly inhibited initiail}" but the effect became marked 
at about 1 00 g. body- weight, when growth was extremely small. The 
individual variation in body- weight during the course of the experiment 
represented b}’ Fig. 2 was small when compared to normal rats. As may 
be calculated from Table VI, the weights of male animals at autojin^' 
varied from 121 to 149 g. and the female weights from 1 07 to 122 g. Tlie 
auiiuahs from which the tablets were removed resumed normal growth. 
J lie gonadotrophic activity of the pituitary gland was suppre.^.-ed tlirough- 
oot the experiment. The respon>e to pregnancy urine extract differed 
from that obtained in rats after a >hort period of ery>tal implant. it itiii. 
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riisloacl ofnornml corpora liitea being formed only diffuse luteinization of 
the ovary was produced. Such an elfecc was similar to that described for 
liypophysectomi/.ed rats. In three animal.s the small follicles were almost 
completely replaced by luteinized tissue, but in one rat follicular develop- 
ment with ty[)ical corpora lutca was found. 

'L'ablo V [. Effect oj JO mij. tablets of Sub.2G on immature rats 


Av. per 100 g. body-woigJit* 
Diini- Final Av, botly- weight # — * 



lion 

wt. of 

, 

. 

Adre- 

Seminal Pros- 


Pitui- 

Kat no. 

Wcel;^ 

tablet 

Initial 

Cllllllgo 

nals 

vesicles tato 

Testes 

tary 



mg. 

K* 

«• 

mg. 

mg. 

mg. 

mg. 

mg. 

741) 

20 

control 

40 


8 

240 

285 

820 

2*4 

TfjO 

20 

,> 

40 


13 

239 

258 

946 

2*6 

751 

20 

»• 

40 

-i-a22 

9 

330 

327 

763 

2*7 

754 

20 

»» 

37 

-h2i)a 

12 

300 

279 

948 

1*8 

757 

20 

»» 

48 

-h-7-t 

10 

247 

171 

782 

2*4 

70S 

IS 

3 

50 

+ 71 

24 

01 

51 

12S 

9-0 

799 

IS 

4 

52 

+ S1 

21 

101 

37 

97 

14*2 

802 

18 

F5 

42 

+ 10(5 

33 

75 

38 

291 

6*7 

820 

18 

1-0 

47 

+ 102 

20 

57 

20 

161 

7*0 








Uterus 

Ovaries 









mg. 

mg. 


701 

20 

control 

39 

+ 133 

24 

— 

231 

32 

50 

705 

20 


43 

+ 17t 

20 

— 

354 

21 

4*1 

700 

20 


41 

+ 129 

25 

— 

241 

31 

5*8 

707 

20 

f , 

42 

+ 153 

21 

— 

207 

35 

4*5 

78S 

17 

2*0 

54 

+ 03 

27 

— 

Pyoinotria 

5 

14*5 

789 

17 

1*5 

44 

+ 73 

31 

— 

370 

5 

7*6 

790 

17 

3*0 

49 

+ 73 

27 

— 

302 

10 

10*6 

791 

17 

4*0 

42 

+ 72 

oO 

— 

316 

7 

8*7 

792 

17 

<1*0 

43 

+ 04 

37 

— 

387 

8 

14*0 

t793 

17 

1*0 

41 

-1-77 

27 

— 

286 Fibrosis 

14*4 

t795 

17 

3*0 

40 

+ 75 

2S 

— 

292 

25 

17*3 

j:790 

17 

1*0 

40 

-f08 

34 

— 

370 

31 

11*1 

t797 

17 

4*0 

40 

+ 74 

34 

— 

Pyoinotriii 

17 

7*8 


Pituitaiy gland weighed in fresh state — other organs from 70% alcohol, 
f Etieli received total 2 mg. UPlO. 

J Each received total 4 mg. UPlO. 


Discussion 

Body -growth. That the injection of naturally occurring oestrogens 
Avould modify body-growth in the rat has frequently been recorded 
[Spencer, Gustavson, and D’Amour, 1931, 1932 a \ Halpern and D Amour, 
1934, 1936; Zondek, 1936J.1 With adequate dosage of synthetic oestro- 
genic substances it has been shown that inhibition of growth, as measured 
by body-weight, was readily jiroduced in animals over 120 g. As far as 
could be determined no substance without oestrogenic properties produced 
this effect. The most probable mode of action of oestrogenic substances 

1 Dcancsly [1939] has recently described in detail the cliangcs following tablet implants 
of oestrono and oostradiol in malo rats. 




oestrogens on young animals appeared of considerable interest in that 
only slight retardation of growth occurred. It would seem improbable 
, that inadequate dosage was entirely responsible for the inabiUtj' to arrest 
I growth in these animals. The experimental evidence, therefore, is very 
suggestive that growth of the young animal is affected b}'' an extra- 
pituitary factor. In further experiments to investigate this possibility 
It has been found impossible to stop body-growth, although -a slower 
growth-rate than reported above has been successfully produced by the 
continuous oral administration of oestrogenic substances in aqueous 
solution Irom the experiments described, however, it is impossible to 
state whether the growth of the immature rat depends on an extra- 
pituitary factor or not, and if so, whether the slight effect of oestrogens 
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oil fcliiij 1*8 due to iuliibitiuu of lussociiitcd luid iidditioiicd pituitfiry-con- 
trolled grou'tli or direct growth inhibition. 

Oonadotrophic atiivili/. The atrophic changey in tiie gonads wliich follow 
the repeated injection of oestrogens have been frerpiently noted. That 
these were a.ssoeiated with a lowered goiuulotro[)hic hormone content of 
the [lituitary were reported by ^feycr, Leonard, Hisaw, and Martin [1030]; 
Bialet-Laprida [1033]; Lip.scluit/, [103aJ, and Noble [1038 a]. Treatment 
of .such animals with pituitary gland inqilants or gonadotrophic extracts 
produced typical stimulation of the gonads [Moore and Price, 1030, 1032; 
Diaz, Phelji.s, hlllison, and Burch, 1038; Noble, 1038 6]. The active oestro- 
genic substances described have been found to produce, through inhibition 
of the anterior pituitary gland, an atrophy of the gonads in adult animals, 
or to arrest their development in young animals. Male and female animals 
which were treated b}' tablet implantation over a period of 10 weeks were 
able to sire or produce normal litters following removal of the tablets. 

Pregnane}' urine extract has been shown to cause stimulation of the 
ovaries and cor[)ora lutea formation when administered to animals 3 weeks 
after crystal implantation. Spencer et al. [ 1 932 6] have previously reported 
a similar observation in rats injected with oestrone. After a longer period 
of oestrogen treatment pregnancy urine extract caused in three out of four 
rats only diffuse luteinization of the ovary, resembling the typical effect 
of such extracts on hypoply'sectomized animals. A diminished response 
to pregnancy urine extract has been noted by Fevold, Hisaw, and Greep 
[1935] after prolonged oestrone administration. Selye et al. [1935] have 
pointed out that ovaries depressed by oestrone treatment do not respond 
normally to A.P.L. administration, but when corpora lutea are produced 
bj'^ A.P.L. they may be enlarged by concurrent and subsequent oestrone 
treatment. In the animals described, which were treated for short periods 
with oestrogens, the pituitary gland, although not secreting gonadotrophic 
hormones, must have been in such a condition that it could be stimulated 
by pregnane}'- urine extract. Once corpora lutea were produced they 
would be stimulated directly by the oestrogen, resulting in an increased 
size of the ovary. Prolonged treatment by oestrogen tablets apparently 
affected the pituitary so that it was not stimulated by ])regnancy urine 
extract. 

Microscopic examination of the ovaries and testes of the rats after 
treatment showed a j^icture which was identical with that following hypo- 
physectomy. There was no evidence that secretion of any part of the 
gonadotrophic complex of the anterior pituitary gland had continued. 

Ot/ie?- effects. Enlargement of the pituitary gland occurred and the 
largest observed was 25-2 mg. per 100 g. body-Aveight. Severinghaus [1937] 
has suggested from histological evidence that the anterior pituitary cells 
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appear to be h 3 rperactive after oestrone treatment. In the experiments 
described there was no evidence to suggest that hypersecretion of any 
pituitary hormone had taken place, unless it was of the adrenotrophic 
hormone. The detailed histology of the pituitary gland of the animals in 
these observations will be reported with ilr. C. L. Foster. 

Adrenal enlargement following oestrogen therapy has been produced in 
rats by Selye et al. [1935] and Ellison and Burch [1936]. This effect was 
apparently dependent on pituitary secretion, since it did not occur after 
hypophysectomy. Selye [1937] has sho^vn that adrenal hypertrophy may 
be produced in the 'alarm reaction’ by various noxious stimuli, and Setye, 
Harlow, and CoUip [1936] have described the alarm reaction produced by 
oestrogens. The increase in adrenal weight which has been shown to 
follow the administration of synthetic oestrogens would appear to be specifi- 
cally related to oestrogenic activity, since inactive substances were mthout 
effect. It has been found that adrenal hypertrophy is not produced by 
synthetic oestrogens in rats which have been hypophysectomized. 

Although the testes of immature rats remained in the infantile condi- 
tion after tablet implantation, the seminal vesicles in some cases appeared 
to be disproportionately large. Microscopic examination of these showed 
that they were devoid of any secretion and composed almost entirely of 
solid fibrous tissue. Weights up to 101 mg. per 100 g. body-weight were 
recorded. This stimulation of fibrous tissue is similar to that produced by 
oestrone, as described by Freud [1933]. 

Pathological changes. The general toxicity of the substances used in these 
e.xperimeuts was slight. The animals remained in apparent good health, 
and except for a certain amount of alopecia, appeared normal. Sections 
of the liver failed to show any evidence of damage, although mild transi- 
tory jaundice has been noted in two rats after treatment wth active 


substances. After prolonged treatment the mammary glands occasionally 
showed cyst-like spaces filled with a milky fluid. There ^vas no evidence 
of excessive epithelial hyperplasia. Pyometria was frequently observed 
in female animals with uterine hypertrophy. In such cases inflammatory 
changes and fibrosis sometimes extended to the ovaries, which occasionally 
showed the presence of small cysts. 

Absorption, The rate of absorption of Sub.22, Sub.26, and Sub. 27 were 
calculated from the alteration which took place in the weight of the tablet 
^ tor implantation. When crystals were used it was possible to obtain 
oiib an approximate idea of the time taken for tliem to disappear. As 
l^ould be expected, crystals were dissolved much more rapidly than tab- 
c In the case of Sub.27 this was very marked, since the effects of 
c Tm crystals lasted only 2-3 weeks, and after 4 weeks no crystals 
e found at the site of implantation. A tablet of similar wei^/ht, 




OBSERVATIONS RELATED TO THE SWELLING 
OF SEXUAL SKIN IN RHESUS MONKEYS 

By A. G. OGSTON, J. ST. L. PHILPOT, and S, ZGCKTOlUfAN 

^epariments of Biochemistry and of Human OAfonl Univmilji 

(^Received 4 J uly 19o9) 

Khohn and Zuckennan [1937], Fisher and Zuc-a.exninu [1037 and 
royd and Zuckennan [1938] have shown that the prvxvss of nwolllii/^ of Mio 
sexual skin of immature female monkeys (Af, ncuiKStriiui uud df, 
induced by oestrogenic stimulation is associated with tho followluj^ (uuuu^ 
fences: a general water-retention \ increase in the size ot tlio (H'lluid |Jio (i()n> 
nective tissue of the sexual skin; the presence ot a virtoiuiM 
easily drained from cut surfaces of this tissue: vaviationH of tho wuloi* 
content of the tissue between cells and exudate; tho oxudulo linviiig a 
Variable but high total osmotic pressure, which may oxcood t hat oT /inrmn^ 
^nd a total protein content oica. 2-5 %• 

^ further investigation of the exudate was undortalvoii in IJui liojin 
t^hat information might be obtained on the meohanisiu of 
swelling. 


^Iatebials 

Immature female rhesus monkeys (Afacacu mulafla) wore y^in 

^^0/zg. oestrone in oil daily for varydng periods, Llood, f^oxuul I 

other tissues were removed rapidly under ether anaestlu\siit, * 

Serum was obtained from blood wdthdraw’u ironi (ho luwijt » i 
burger amounts by rapid carotid bleeding. After a cloi^ 

^ud had contracted (3-4 hours), the serum was pourod rdr/tnd 
cleared by centrifuging; little haemolysis occurred, Tho \ 

the serum was not affected by variation of tho method of i t 
blood. 

Exudate was obtained by’’ squeezing cliopped suolh-o ( | 
through muslin. The exudate was centrifuged to sepanUo fat r ^ tly 

sion, and used within a few hours of separation. *'^^^** nuoiMUP 

Table I illustrates the approximate state of ^oxual^shjn *1 
monkeys used; iis far as possible they are arranged in 
ment in the stages of swelling, ixs judged by inst>ectioo, 
made in each case are shown in Table I. ^;:cryati^-» 

We are urcatlv indebted to ProfL\>sor H. . Floivv r r 

dcnalmucL. ' 
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jMktiiods and Results 
Analysis of Exudate and Serum 

The exudate examined was presumably extracellular, obtainable by 
gentle squeezing of the chopped tissue. None could be obtained by this 
means from tissue in the earliest stages of swelling nor from that in which 
subsidence of the swelling was practically complete. 

Fisher (private communication) found in the exudate a substance preci- 
pitable by acetic acid, insoluble in excess, Avhich was presumed to be of a 
mucoid nature and which for convenience will be referred to in this paper as 
MP (mucoprotein) although its chemical nature is now uncertain. When the 
exudate is fresh MP is completely precipitated by adding half the volume 
of 2% acetic acid, in the form of a stringy compact coagulum. After the 
exudate has stood for even 2 days at 4° C., the character of this precipitate 
changes, becoming less compact. After a week, MP is only partly precipi- 
table by acetic acid. These changes run parallel with changes in the 
ultracentrifugal sedimentation picture of the exudate (q.v.). At the 
same time the exudate becomes much less viscous and ‘stringy’, i.e. a 
thread is no longer formed on dipping a rod into the exudate and with- 
drawing it. 

Analyses of nitrogen as MP, as material precipi table by 7% trichlora- 
cetic acid (SP) and as material not so precipitable (NP) (by micro-Kjeldahl), 
and of chloride (by tungstic acid precipitation and Volhard titration), were 
made on exudate from the pubic lobes of the sexual skin [Zuckerman, Van 
Wagenen, and Gardiner, 1938] and on serum from a number of monkeys 
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showing different stages of swelling. The results of these are given in 
Table II. 


Table II. Analysis of exudates and sera 





N/mg./ml. 


Cl mg. /ml. 

ilonkey 


MP 

SP 

NP 


407 

Exudate 

0-10 

3-33 

0-69 

3-97 


Senim 

— 

9-63 

0-29 

3-71 

408 

Exudate 

0-91 

3-90 

0-48 

4-23 


Serum 

— 

9-83 

0-26 

3-83 

410 

Exudate 

0-26 

2-02 

0-25 

4-25 


Serum 

— 

7*11 

0-28 

3*95 

404 

Exudate 

0-47 

2-04 

0-68 

4-23 


Senun 

— 

9-03 

0-40 

3-74 

403 

Exudate 

0-80 

3-45 

0-60 

4*35 


Serum 

— 

9-90 

0-30 

3-65 

406 

Exudate 

0-23 

3-98 

0-32 

4-04 


Serum 

— 

9-19 

0-28 

4-01 

424 

Serum 

— 

9-43 

0-28 

3-95 

411 

Serum 

— 

9-86 

0-31 

3-38 

409 

Serum 

— 

9-71 

0-28 

4-01 


Ultracentrifugal Sedimentation of Exudate 

Fresh exudates from a number of animals showing different stages of 
swelling were examined in the ultracentrifuge, in a 3 mm. cell at 1060 
r.p.s. by the ‘diagonal schlieren’ method [Philpot, 1938]. The diagrams 
(Plate I, Fig. 1) show three main boundaries. Two, with sedimentation con- 
stants of ca. 3'7xl0”^^ and 5*2 X 10'^^ respectively, resembled normal 
serum proteins. The third was abnormally sharp, with a sedimentation 
constant of 2*7-3*7x10^^^ in different samples, and presumably repre- 
sented the MP component. Exudate obtained by squeezing chopped 
cocks* combs and human umbilical cord showed similar sedimentation 
diagrams. 

Fourfold dilution of exudate with 0*2 M XaCl caused a disappearance of 
the sharp boundary" ; exudate which had stood at C. for a fortnight 
showed no sharp boundary ; nor did an extract obtained by grinding tissue 
m a very earh" stage of swelling with Ringer solution. ^IP precipitated 
by acetic acid and suspended in saline or redissolved in alkali showed no 
homogeneous sedimentation boundar}'. 

A number of other materials known to contain mucins were ultra- 
centrifuged in order to find whether there is any con^tant correlaticm 
between mucin content, the abnormally sharj* >ediinentation boundary, 
and prccij)itability with acetic acid. The.-e results are Mimmarized in 
Table III. 
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Table III 


Matorlul 

Character of 

Procipi lability 


hodimentation bouiulary 

with acetic acid 

Stringiness 

^lonkoy soxual-Hkiii uxiuIiUo 

Abnormally sharp 


d- 

Kxiulato from cho])|)c(l coclc’a 
comb 

Kxuilato from clioppcd um- 

Abnonnally sharp 

+ 

d- 

bilical cord (human) 

Abnormally sharp 


d- 

iluoilcnal mucin 

Abnormally diffuse 

— 

-b 

Uabbit^H duodenal mucin 

Normal 


4- 

Dog’s duodenal mucin 

Complex: possibly abnor- 
mally sliarp boundary 

(-b)- 

+ 

Saliva (human) 

No sedimenting substance 

-b 


Hedgehog: seminal vesicle 

Complex: possibly one ab- 
normally sharp boundary 

— 


Ilcilgehog: internal prostate 

No sedimenting substance 

-- 

— 

Hedgehog: external j)rostate 

Complex: po.ssibly one or 
more abnormally sliarp 
boundaries 




Analysis of MP obtained by Acetic Acid Precipitatiotis 

Glacial acetic acid was added to a sample of about 30 ml. of exudate till 
complete precipitation was attained; the precipitate was thoroughly 
washed with saline and distilled water in a centrifuge tube and dried to 
constant weight at 108° C. in an air oven. About 80 mg. was obtained, its 
N content being 10'4 %. Exhaustive extraction with cold ether removed 
fat from the solid and raised its N content to 12-3 %. The colour produced 
by a specimen with Eolin’s phenol reagent was measured in terms of standard 
t 3 T’osine; carbohydrate was estimated by the orcein method of Heidel- 
berger and Kendall [1936], total reducing power by the Hagedorn- Jensen 
technique of Meyer and Pahner [1936] using zinc hj'^droxide precipitation. 
Glucosamine Avas very kindly estimated in a specimen by Dr. A. Neuberger, 
who reported: ‘The substance is not completely soluble in strong HCl, 
and even after boiling for 3 hours in 5N HCl small bits of blackish material 
remained ; but I don’t think that they amounted to anything in weight. 
The glucosamine content is 2-3 % ; this value excludes the possibility, in 
my opinion, that a typical muco-protein is concerned.’ The analysis of 
MP is given in Table IV. 


Table IV. Analysis of MP 




Folin as 

Carbohydrate 

Reducing power 


N 

tyrosine 

(Sorensen) 

0/ 

os glucose Glucosamine 

0/ 0/ 

Acetic acid precipitate 

% 

12-3 

% 

5*9 

% 

3*7 

7o /o 

7*5 2-3 

Ultrafilter residue 

13*7 

7*0 

1*75 

6*9 — 
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Ultrafiltration Experiments 

The very viscous and ^stringy’ nature of exudate, presumably caused 
by the low concentrations of MP present, together with the sharpness of 
the MP sedimentation boimdary indicating a very low diffusion constant, 
suggested that the molecules of MP might be thread-like rather than 
spherical. Since it was clear that precipitation essentially alters its charac- 
ter, an attempt was made to free it from the other proteins in exudate by 
ultrafiltration. Serum proteins pass through a collodion Zsigmondy ‘Mem- 
branfilter mitter. Filtration of exudate through this membrane under one 
atmosphere of pressure gives a filtrate containing protein precipitable by 
trichloracetic acid, with little or none precipitable by acetic acid. The 
residue was successively diluted with 0-5 % sodium chloride and refiltered. 
The residue obtained by five such filtrations extending over 48 hours was 
only partly soluble in 0*2M NaCl, but the solution gave a sedimentation 
boundary of S = 2*7 X 10~^^ intermediate in sharpness between the boun- 
dary shown by exudate and those of serum proteins (Plate I, Fig. 2a). No 
other obvious boimdary was present, though there was a little very an- 
homogeneous material of higher sedimentation constant. More exhaustive 
fractionation extending over 10 days gave a sedimentation diagram re- 
sembling those of serum proteins (Plate I, Fig. 26). The sharp boundary 
did not appear in a mixture of residue and ultrafiltrate which resembled in 
composition the original exudate (Plate I, Fig. 2c), nor was this mixture very 
viscous nor ‘stringy*. 

The soluble residue from an exhaustive course of ultrafilter fractiona- 
tion was dialysed, dried, and analysed (Table IV). Its analysis indicates 
that it contains a considerable proportion of MP, though of changed 
physical properties. 


Incubation of Tissue in Serum 

In order to test whether the swelling of sexual skin could be reproduced 
ni vitro, small pieces (50 to 200 mg.) Avere incubated for 22 hours at room 
temperature in the animal’s owm serum. Fresh pieces were rapidly washed 
m distilled water, mopped dry on filter-paper, and weighed before placing 
them in the serum. This process was repeated after the period of incubation. 
In earlier experiments only two pieces of tissue were used : in later experi- 
ments 5 pairs of pieces were taken from the areas of sexual-skin swelling, and 
4 pairs of pieces of normal skin of the same animals from other parts which 
do not swell were treated similarl}’ as controls. This enables tlie signifi- 
cance of differences of behaviour to be estimated. 

The results were uniform. All sexual skin from which exudate could be 
obtained lost weight up to 35% of the original weight; all sj>ccimens of 
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uormul skill gaiticd in weiglit up to 40% of the original weight; all spoci- 
Mietis of early stage sexual skin from which no exudate was obtainable 
showed a gain in weight of up to 40%. There was nosig/iilicantdillcrence 
between the gains of such sexual skin compared with normal skin (P = 0-2 
—0-7 for identity of means). .Sexual skin which lost weight diflercd signi- 
ticantly from normal skin (P<(J-0I). Loss of weight is easily explained by 
loss of extracellular Iluid. 

Ilistoloijiad Examinalion of Fresh and Incubated 2'issue 

Alter incubation the pieces ot tissue described in the previous section 
were immediately (ixed in Bonin’s iluid, .sectioned and stained with haema' 
toxylin and eosin. Parallel samples, removed from the animal at the same 
time, were treated in the same way to servo as controls. Ten sections from 
each specimen were picked at random and ten fibroblasts in each section, 
chosen at random, were drawn with the hel[) of a camera Jucida (oil iramer- 
sion lens). The areas of these cells were measured with a planimeter. 

No significant differences in size of the fibroblasts were found between 
the tissues fixed immediately and those fixed after incubation. 

Discussiox 

Since ]\IP is not obtainable from sexual skin except when swollen, and 
since it is not observable in plasma, it is probably a product of the con- 
nective tissue cells of the skin during certain iihases of activity. This con- 
clusion is supported by the c 3 'tologicaI observation that under the influence 
of oestrogenic stiimdation the mast-cells of the skin discharge into the 
intei'cellular spaces granules whose staining reactions are those of muco- 
protein [Aykroxal and Zuckermau, 1938]. The physical properties of the 
substance present in exudate which gives it its peculiar character are con- 
sistent with its being a mucoprotein. Exudate from cock’s comb [Hardesty, 
1931] and from umbilical cord, known to contain mucins, have similar 
properties. On the other hand, the chemical evidence is inconclusive ; the 
glucose content is not high. Hewitt [1938] has shown that total reducing 
power is an unreliable index of carbohydrate in proteins and the value 
here found is not higher than that quoted bj'- Hewitt for non-mucoid pro- 
teins. A similar conclusion follows from Dr. Neuberger’s glucosamine 
estimation. The partial success of ultrafiltration confirms the idtra- 
centrifuge in indicating that the molecules are thread-like, and suggests 
that this might be a successful method for obtaining the substance in a 
pure and native state, if conditions could be found under which it is stable. 

For practical purposes sexual-skin exudate can be regarded as the tissue 
fluid of the skin when it is swollen. The composition of exudate does not 
vary much with the phase of swelling. The most mai’ked differences from 
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serum are ; the presence of iJDP ; the lower concentration of serum-like 
proteins ; higher non-protein nitrogen ; and, except for the exudate &om 
a monkey (406) in a very late stage of swelling, higher total chloride. The 
excess of chloride is too high to be accounted for by Donnan effects [cf. 
Flexner, 1937, 1938; Hodgson, 1938]. 

No definite conclusion can be drawn as to the functional significance of 
the IIP and the high chloride concentration. The low concentration of 
JEP, and physical considerations based on the ultracentrifuge results, make 
it unlikely that it contributes appreciably to the swelling process by attract- 
ing water. The high chloride concentration can attract water by osmosis 
provided the excess chloride is free and not held by adsorption on a few 
large molecules. The energy needed to concentrate the chloride under 
such conditions can reasonably be supposed to come only from the cells, 
and if the latter have no direct access to the capillaries, thej^ can only con- 
centrate chloride at the expense of the tissue fluid itself. Hence a high 
concentration in tissue fluid can only be maintained by means of pre- 
viously accumulated reserves in the ceUs. This conclusion is not necessarj^ 
however, if the cells have direct access to the capillaries. The h^’^pothesis 
that swelling is due to the osmotic pressure of excess free chloride is there- 
fore a complicated one, though it receives some support from the freezing- 
point measurements of Fisher and Zuckerman [1937]. 

If the capillaries have normal blood-pressure and permeability, the 
fairly high concentration of protein in exudate is sufiicient alone to main- 
tain the swelling. If these proteins, which wuth the exception of MP 
resemble plasma proteins, have actuall}^ come from plasma, there must be 
abnormal capillary permeability which must further contribute to the 
swelling. There is therefore no need to invoke the high chloride or the 
MP to explain the swelling, though such evidence as exists suggests that 
the former does in fact play a part. 

SUiI3IAKY 

Experiments were designed to throw light on the proce.-^ of swelling 
of the sexual skin of immature female rhesus monkeys. 

1. The ‘serum protein’, ‘mucoprotein’, non-protein nitrogen, and 
chloride contents of sexual skin exudate and of .serum were compared at 
different stages of swelling. 

Ultracentrifuge and ult rail Iter exj^eriments were j>erformed on 
exiulatcs, 

'k Ultracentrifuge and chemical ob.-ervations were made on vari(ius 
other mucin-containing animal fluids. 

I. iSonie chemical ob^crvatiuns were made on the ‘ Jiiucuprotcin* frac- 
tion of exudate. 
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normal slciji gained in weight up to 10% of the original weight; all sped 
mens ot early stage sexual shiti from whieh no exudate was obtainabli 
showed a gain in weight of uj) to 10%. There was no significant differena 
between the gains ot such sexual shin eomj)ared with normal skin (P = O’; 
— 0’7 tor identity of means). .Se.xual skin which lost weight differed signi 
fieantly from normal skin (P <0-01). Loss of weight is easily explained b} 
loss of extracellular fluid. 

Iliy'ttoloijical Exeunt nation of Fresh and Incubated Tissue 

After incul)ation the [)ieces of ti.ssue deseribed in the previous section 
were immediately fixed in Bonin’s fluid, sectioned and stained with haenia- 
toxylin and eosin. Parallel .samples, removed from the animal at the same 
time, were treated in the same way to .serve as controls. Ten sections from 
each specimen were picked at random and ten fibroblasts in each section, 
chosen at random, were drawn with the help of a camera lucida (oil immer- 
sion lens). The areas of these cells were measured with a planimeter. 

No significant differences in size of the fibroblasts were found between 
the tissues fixed immediately and those fixed after incubation. 

Discussion 

Since IMP is not obtainable from sexual skin except when swollen, and 
since it is not observable in iilasma, it is jirobably a product of the con- 
nective tissue cells of the skin during certain phases of activity. This con- 
clusion is supported by the cytological observation that under the influence 
of oestrogenic stimulation the mast-cells of the skin discharge into the 
intercellular spaces granules whoso staining reactions are those of niuco- 
protein [Aykroyd and Zuckerman, 193S]. The physical properties of the 
substance present in exudate which gives it its peculiar character are con- 
sistent with its being a mucoprotein. Exudate from cock’s comb [Hardesty, 
1931] and from umbilical cord, known to contain mucins, have similar 
properties. On the other hand, the chemical evidence is inconclusive; the 
glucose content is not high. Hewitt [1938] has shown that total reducing 
power is an unreliable index of carbohydrate in proteins and the value 
here found is not higher than that quoted by Hewitt for non-mucoid pro- 
teins. A similar conclusion follows from Dr. Neuberger’s glucosamine 
estimation. The partial success of ultrafiltration confirms the ultra- 
centrifuge in indicating that the molecules are thread-like, and suggests 
that this might be a successful method for obtaining the substance in a 
pure and native state, if conditions could be found under which it is stable. 

For practical purposes sexual-skin exudate can be regarded as the tissue 
fluid of the skin when it is swollen. The composition of exudate does not 
vary much with the phase of swelling. The most marked differences from 


SEXUAL-SKIN SWELLING IN MONKEYS 


237 


serum are : the presence of iJP ; the lower concentration of serum-like 
proteins ; higher non-protein nitrogen ; and, except for the exudate from 
a monkey (406) in a very late stage of swelling, higher total chloride. The 
excess of chloride is too high to be accounted for by Donnan effects [cf. 
Flexner, 1937, 1938; Hodgson, 1938], 

Ho definite conclusion can be drawn as to the functional significance of 
the ilP and the high chloride concentration. The low concentration of 
5£P, and physical considerations based on the ultracentrifuge results, make 
it unlikely that it contributes appreciably to the swelling process by attract- 
ing water. The high chloride concentration can attract water by osmosis 
provided the excess chloride is free and not held by adsorption on a few 
large molecules. The energy needed to concentrate the chloride imder 
such conditions can reasonably be supposed to come only from the cells, 
and if the latter have no direct access to the capillaries, they can only con- 
centrate chloride at the expense of the tissue fluid itself. Hence a Ingh 
concentration in tissue fluid can only be maintained by means of pre- 
viously accumulated reserves in the cells. This conclusion is not necessary, 
however, if the cells have direct access to the capillaries. The hypothesis 
that swelling is due to the osmotic pressure of excess free chloride is there- 
fore a complicated one, though it receives some support from the freezing- 
point measurements of Fisher and Zuckerman [1937]. 

If the capillaries have normal blood-pressure and permeability, the 
fairly high concentration of protein in exudate is sufiicient alone to main- 
tain the swelling. If these proteins, which with the exception of ilP 
resemble plasma proteins, have actually" come from plasma, there must be 
abnormal capillary permeabilit}^ wdiich must further contribute to the 
swelling. There is therefore no need to invoke the high chloride or the 
ilP to explain the sw’elling, though such evidence as exists suggests that 
the former does in fact play a part. 

SUMJrARV 

Experiments were designed to throw light on the process of swelling 
of the sexual skin of immature female rhesus monkeys. 

1. The ‘serum protein’, ‘mucoprotein non-protein nitrogen, and 
chloride contents of sexual skin exudate and of serum were compared at 
dificrent stages of swelling. 

2. Ultracentrifuge and ultrafilter experiments were perfoniied on 
e.xudates. 

d. Uitracentrifuge and chemical ob.-ervations were made on various 
^thcr mucin-containing animal fluids. 

k »Some chemical observations were made on the ‘mucopruteiiU frac- 
tion of exudate. 
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norniiil .skill gained in weight up to 40% of the original weight; all speci- 
inen.s of early stage se.Nual skin from whieh no e.Midatc was obtainable 
showed a gain in weight ot up to 40^*',. There was no significant difference 
between tlie gains of such se.Kual skin compared with normal skin (P = 0*2 
— 0-7 lor identity of means). Se.Kual skin whieh lost weight differed signi- 
ficantly from normal skin (P<;0'U1). Loss of weight is easily e.\plained by 
lo.ss of e.vtraeellular fluid. 

Hidvlo'jical Exdinhuilion of Fresh and Incubated Tissue 

Alter incubation the pieces of tissue described in the previous section 
were immediately fi.Kcd in Pouin’s fluid, sectioned and stained with haenia- 
to.xylin and eosin. Parallel samples, removed from the animal at the same 
time, were treated in the same way to serve as controls. Ten sections from 
each speeimen were picked at random and ten fibroblasts in each section, 
chosen at random, were drawn witli tlie help of a camera lucida (oil immer- 
sion lens). 'I’lie areas of these cells were measured with a planimeter. 

No significant differences in size of the fibroblasts were found between 
the ti.ssues fi.xed immediately and those fi.xed after incubation. 

Discijssiox 

Since j\IP is not obtainable from sc.xual skin except when swollen, and 
since it is not observable in plasma, it is probably a product of the con- 
nective tissue cells of the skin during certain phases of activity. This con- 
clusion is supported by the eytologieal observation that under the influence 
of oestrogenic stimulation the mast-cells of the skin discharge into the 
intercellular spaces granules whose staining reactions are those of muco- 
protein [Aykroyd and Zuckerman, 19.‘5S]. The ijliysical properties of the 
substance present in exudate which gives it its iJeculiar character are con- 
sistent with its being a mucoprotein. E.xudate from cock’s comb [Hardesty, 
1931] and from umbilical cord, known to contain mucins, have similar 
properties. On the other hand, the chemical evidence is inconclusive; the 
glucose content is not high. Hewitt [1938] has shown that total reducing 
power is an unreliable index of carbohydrate in proteins and tlie value 
here found is not higher than that quoted by Plewitt for non-mucoid pro- 
teins. A similar conclusion follows from Dr. Neuberger’s glucosamine 
estimation. The partial success of ultrafiltration confirms the ultra- 
centr’ifuge in indicating that the molecules are thread-like, and suggests 
that this might be a successful method for obtaining the substance in a 
pure and native state, if conditions could be found under which it is stable. 

For practical purposes sexual-skin exudate can be regarded as the tissue 
fluid of the skin when it is swollen. The composition of exudate does not 
vary much with the phase of swelling. The most marked differences from 
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serum are : the presence of IMP ; the lower concentration of serum-like 
proteins ; higher non-protein nitrogen ; and, except for the exudate fi:om 
a monkey (406) in a very late stage of swelling, higher total chloride. The 
excess of chloride is too high to be accounted for by Dorman effects [cf. 
Flexner, 1937, 1938; Hodgson, 1938]. 

No definite conclusion can be drawn as to the functional significance of 
the i\rP and the high chloride concentration. The low concentration of 
MP, and physical considerations based on the ultracentrifuge results, make 
it unlikely that it contributes appreciably to the swelling process by attract- 
ing water. The high chloride concentration can attract water by osmosis 
provided the excess chloride is free and not held by adsorption on a few 
large molecules. The energy needed to concentrate the chloride under 
such conditions can reasonably be supposed to come only from the cells, 
and if the latter have no direct access to the capillaries, they can only con- 
centrate chloride at the expense of the tissue fluid itself. Hence a liigh 
concentration in tissue fluid can only be maintained by means of pre- 
viously accumulated reserves in the cells. This conclusion is not necessary, 
however, if the cells have direct access to the capillaries. The hypothesis 
that swelling is due to the osmotic pressure of excess free chloride is there- 
fore a complicated one, though it receives some support from the freezing- 
point measurements of Fisher and Zuckerman [1937]. 

If the capillaries have normal blood-pressure and permeability, the 
fairly high concentration of protein in exudate is suflScient alone to main- 
tain the swelling. If these proteins, which with the exception of SIP 
resemble plasma proteins, have actually come from plasma, there must be 
abnormal capillary permeabilit}^ which must further contribute to the 
swelling. There is therefore no need to invoke the high chloride or the 
SIP to explain the swelling, though such evidence as exists suggests that 
the former does in fact play a part. 

SUMJIARY 

E.xperiments were designed to throw light on the process of swelling 
of the sexual skin of immature female rhesus monkeys. 

1. The ‘serum protein', ‘mucoprotein’, non-protein nitrogen, and 
chloride contents of sexual skin exudate and of serum were compared at 
different stages of swelling. 

Ullracentrifuge and ultrafilter experiments were performed on 
exudates. 

'h Ultracentrifuge and chemical observations were made on various 
other mucin-containing animal fluids. 

4. »Somc chemical observations were made on the ‘mucupruteiiU frac- 
tion of exudate. 
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5. Observations were nuicle on the bcliaviour of swollen and unswollen 
sexual skin and of non-sexual skin incubated in serum ; changes in weight 
and histological appearance were measured. 

The data collected are discussed in relation to the probable mechanism 
of sexual skin swelling. 

We are grateful to the Nuffield Trust, The jMedical Research Council, 
and the Government Grant Committee of the Royal Society for financial 
assistance ; to ]\Ir. E. Dodwell for technical a.ssistance ; to Dr. Neuberger 
for the glucosamine estimation ; and to Professors W. E. Le Gros Clark 
and R. A. Peters for their kind interest and encouragement. 
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During the past few years it has become clear that anterior pituitary glands 
from different species of animal contain different proportions of ph^^sio- 
logically active substances. Loeb and Friedman [1933], in comparing the 
anterior pituitary glands of various species, distinguished two groups 
according to their contents of gonadotrophic and thyrotrophic hormones. 
In one class, in which they placed ox, sheep, and pig, the gland possessed 
high thyrotrophic activity and high gonadotrophic activity of the type 
considered to be due to the ‘luteinizing hormone’ of the gonadotrophic 
complex. In the second class, in which they placed the cat, rat, guinea- 
pig, and rabbit, the pituitary gland contained httle thyrotrophic hormone 
but a larger proportion of the follicle-stimulating constituent of the gona- 
dotrophic complex. In this second class it is possible also to place the 
horse and adult man [Rowlands, 1936; Henderson and Rowlands, 1938; 
Cope, 1938]. An association between the thyrotrophic and the luteinizing 
hormone has also been observed by Creep [1935] and Rowlands [1936]. 

The relative gonadotrophic activities of extracts of the pituitary gland 
of a large number of species were determined by Hill [1934], who found 
that the pituitary gland of the horse is the most active among those of 
the common domestic species. This observation is in agreement with the 
results of Bugbee, Siminonds, and Grimes [1931], Wallen-Lawrence and 
van Dyke [1931], and Hellbaum [1933], who also found that horse pituitary 
glands are more gonadotroi^hically active than those of either pig or shee]). 
Ox pituitary gland apparently contains less gonadotrophic liormone than 
any of these [Hill, 1934; Xoble, Rowlands, Warwick, and Williams, I939j. 

In a comprehensive study of the content of the lactogenic and th\To- 
trophic hormones in the anterior pituitary glands of various species, Reece 
and Turner [1937] concluded that a marked sj)ecies variation exi^-ts in 
the amount of the lactogenic liormone, and arranged the pituitary glands 
uf the females of the species examined iii the following docending 
order of potency — ox, guinea-pig, rat, rabbit, mou>e, oe.^troiis cat, and 
anocistrous cat. Those of the male sex were arranged in a similar order, vi/.. 
guinea-pig, rat, rabbit, and cat. 
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Definite cyclical changes in the activity of the anterior pituitary gland, 
causing variations in the quantity of the various hormones secreted by 
the gland, have been described. It has been found that the amount of 
hormone contained in the pituitary gland varies with the age of the animal, 
and may fluctuate during the oestrous cycle. Bates, Riddle, and Lahr 
[1935] showed that differences occur in the thyrotrophic, gonadotrophic, 
and lactogenic capacity of the pituitary glands of cows of different ages, 
and Reece and Turner [1937] found similar differences in the thyrotrophic 
and lactogenic activities of the same species. The amount of lactogenic 
hormone was at a maximum in non-lactating dauy cows and was lowest 
in the pituitary gland of the foetus. Hellbaum [1935], investigating the 
gonadotrophic activity of the horse pituitary gland (mares, stallions, and 
geldings), observed activity to be greatest in the glands of old mares and 
young geldings, the greater activity at this time apparently being due to a 
higher proportion of the follicle-stimulating hormone. 

A Imowledge of the hormonal constitution of the anterior lobe of the 
pituitary gland of different species is of general value, for, in the prepara- 
tion of extracts, it is obviously desirable to use, as starting material, tissue 
which contains a high proportion of the particular hormone required. In 
large-scale Avork the difierences in hormone content associated Avith age, 
sex, and general condition have usually to be overlooked, although by 
selection of the type of pituitary gland it is possible to ensure that a start- 
ing material Avith high activity is used. 

Pituitary glands suitable and available for large-scale Avork are generally 
limited to those from ox, sheep, pig, horse, and man, and the present 
investigation Avas undertaken to determine the relative proportions of 
thyrotrophic hormone, gonadotrophic hormones, and prolactin present in 
these tissues and extracts of them. Assays Avere made directly on the 
acetone-desiccated tissue and on crude alkaline extracts. The crude 
extract was then separated into material soluble at a pH around 5, and 
material spontaneously precipitating at the same pH, a crude separation 
of the prolactin from the thyrotrophic and gonadotrophic hormones thus 
being effected. In this way it Avas possible to determine, not only the rela- 
tive activities of the different pituitary tissues themselves, but also the 
relative amounts of solid material which might be expected to accompany 
the physiologically active substances in the course of a simple fractionation. 

Methods 

Physiological 

In this investigation it has not been possible to construct a dose- 
response curve for each type of physiological activity exhibited by all the 
different fractions. In those instances in which such a curve Avas not con- 
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structed the physiological results were expressed in terms of defined units 
by reference to a standard dose-response curve. It is clear that unless the 
dose-response curve is the same for aU the pituitary extracts used (and such 
is not the case) and does not vary with, the season of the year, an error will 
thus be introduced. An attempt has been made to minimize such an error 
by choosing test doses of the substance under assay which contain very 
nearly one unit of physiological activity, and by carrying out a number 
of different assays at different times of the year, and averaging the 
results. 

In nearly all instances assay results were based on the average response 
of a group of 10 animals, although in a few experiments the groups con- 
tained only 5 animals. 

As International Standard preparations of the different hormones, 
standardized in terms of International Units, ^ are not yet available we 
were compelled, in most instances, to express our results in terms of arbi- 
trarily defined units of biological activity. The International Unit of pro- 
lactin (see section IV, para. 6, of the above bulletin) is the same as the 
Riddle Unit which has been employed in this paper for the assay of pro- 
lactin. The International Unit of thyrotrophin (see section III, para. 3) 
is also about equal to the unit of the thyrotrophic activity described by 
Rowlands and Parkes [1934]. 

Assay of thyrotrophic hormone. This was carried out by the method 
of Rowlands and Parkes [1934], The results are expressed in terms of the 
units defined by these authors, i.e. a unit is that amount of active sub- 
stance which, when injected subcutaneously into an immature guinea- 
pig once daily for 5 days, causes the thyroid glands to double their weight. 
Por the purpose of expressing physiological results in terms of units, the 
assay curve shown in Fig. 1 was used. 

Assay of prolactin. This was determined on the basis of tlie pigeon 
crop gland response, according to the systemic method described by Row- 
lands [1937]. The results are expressed in Riddle Units, tliis being made 
possible by comparing the results with an assay curve (Fig. 2) constructed 
l^y our methods with a preparation of prolactin prepared and standardized 
hy Drs. Riddle and Bates. 

Assay of gonadotrophic hormone. Two methods were used. The first 
Was based on the ability of the extracts to increase the weight of the ovary 
of the immature rat. 

A unit of activit3’ was arbitrarily chosen as that amount of extract 
yhich, when administered subcutaneoush' to a group of female rats weigh- 
ing ‘10-50 g., once daily for 5 days, increased the total weight of the 
o\aries from an average of 10 mg. to an average of 10 mg. The rcoulis 

of the Iltalih Orjani^Aiiivn of O.c oj SiJi ions, %4^1. \a, r.u. 
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were expressed in terms of units with the aid of the assay curve shown in 
Fig. 3. As the doso-ros 2 )onse curve obtained with extracts from some 
species becomes asymptotic to a line representing a very small increase 


UNITS 

0 1 2 3 ■; 



0 12 3 4 

AMOUNT OF EXTRACT INJECTED (mg) 

Fia. 1. Assay curve for thyrotrophin {APo2Dj). 


in ovary weight, care was taken to ensure tliat the test dose was small 
enough to give a result falling on the steep part of the curve. 

The second method of assay of gonadotrophic activity was based on the 
ability of the extracts to cause ovulation in the oestrous rabbit. The unit 
of activity was defined as that amount of extract which, Avhen injected 
intravenously in one dose, would cause ovulation in 50% of a group of 
10 oestrous rabbits within 24 hours. Tlie assay curve showji in Fig. 4 was 
used for the assessment of results. 

It is probable that these two different methods of assay for gonado- 
trophic activity do not determine the same active substance. Hoav far the 
results are determined by tJie relative proportions of ‘follicle-stimulating’ 
hormone and ‘luteinizing’ hormone cannot be discussed here, but it 
should be mentioned that there is no reason to supiJose that either of our 
methods of assay determines only one or the other of these two presumed 
pituitary substances. 




CROP CLANO /3OO GM. BODY WEIGHT (gm) 





CHANCE, HOWLANDS, AND YOU NO 



AMOUNT OF EXTRACT INJECTED (MO) 

Fia. 4. Assay curvo for gonadotropliin (AP15B) (Rabbit Units). 

Chemical 

All tlie extracts used in the present investigation were prepared from 
acetone-desiccated pituitary tissue. In most instances tlie pituitary glands 
were received at the laboratory in a frozen condition. The anterior lobes 
were dissected from posterior lobe tissue and minced into a large volume of 
acetone (at least 20 ml./g. of fresh tissue) at room temperature. The glands 
were subsequently washed with fresh acetone and dried in vacuo. In a 
few experiments undissected whole pituitary gland tissue was used, but 
in most instances the posterior lobes were removed before desiccation. 

.Many of the ox pituitary extracts were prepared from commercial 
acetone-desiccated anterior lobe tissue. No knowledge was available as 
to the period elapsing between the death of the animals from which the 
glands were obtained and removal of the pituitary gland, nor was there 
any clear indication as to the time during which the glands were allowed 
to remain at room temperature before being frozen. In a few instances ox 
anterior pituitary glands were available which had been frozen in solid 
carbon-dioxide snow immediately after removal from the carcass 1 hour 
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or less after the death of the animal. These fresh glands were dissected 
while stUl frozen and minced into ice-cold acetone. The tissue was subse- 
quently extracted thoroughly y/ith cold acetone, and dried in vacuo. 

The processes of extraction and fractionation were carried out according 
to the scheme depicted in Fig, 5. These processes, with the exception of 
dialysis, were carried out at room temperature. 


Acetone Desiccated Pituitary Tissue 


Fraction ^ A' Fraction 

Soluble in alkaline Insoluble in alkaline 

extraction fluid. extraction fluid. 


Fraction 

Spontaneously precipitates 
from aqueous solution over 
a pH range lying between 
pH 3 and pH 6. 


*F* Fraction 
Insoluble in 
70% alcohol in 
the presence 
of 0-1% NaCl 
at pH 6, 


Fraction 
Soluble in 
70% alcohol in 
the presence 
of 0-1% NaCl 
at pH 6. 


‘D* Fraction 
Soluble in aqueous 
solution between pH 3 and pH 6. 


Fraction 
Soluble after 
prolonged 
dialysis. 


Fraction 
Insoluble after 
prolonged 
dialysis. 


^’lo. 5. The relationship of the different fractions used in the present investigation. Tho 
‘C* fraction contains most or all of tho prolactin recovered from tho ‘B* fraction, whilo tho 
B* fraction contains gonadotrophic and thyrotrophic activities. Tho *G* fraction is equiva- 
lent to tho prolactin of Bates and Riddlo [1935]. 


All pH determinations were made colorimetrically and are therefore 
only approximately correct. Specimens of solutions containing alcohol 
were diluted with w'ater before addition of the indicator. 

Precipitates w^ere dried by the following process: The pH of the solution 
was adjusted to about pH 5, and poured into 4-5 volumes of alcohol 
(Industrial iMethylated Spiritis-ilethcol) with stirring. The precipitate 
was allowed to settle, usually overnight, and the supernatant fluid de- 
canted. The precipitate was then stirred with fresh alcohol, and again 
allowed to settle. Three or four washings with alcohol were thus effected. 
I ho final precipitate was filtered on a Buchner funnel and washed on the 
filter with three or four portions of dry ether. Immediately the exce.*^s 
^4her had drained off, the funnel was placed in a desiccator which w;is at 
once evacuated. In this way it wiis possible to obtain the different pituitary 
fractions in the form of light dry powders. 

Preparation of 'B* fraction. Four types of alkaline e.xtractant were 
Used for the j)reparation of the *B’ fractions: (a) X, 20 XaOII, (6) dilute 
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JSTaOH at pH 8-10, (c) aciucous pyridine solution, or {d) alkaline aqueous 
alcohol solution. 

(a) In a few exi)crinionts alkaline extraction was carried out by stirring 
the desiccated tissue with N/20 NaOH. Two or three successive extrac- 
tions were [)erformed and the combined extracts adjusted to about pH 5 
by the addition ot dilute HCl ; 4 volumes of alcohol were then added and 
the precij)itate dried. 

(b) More frequently, aqueous alkaline extraction was effected by stir- 
ring the desiccated tissue with 10-15 times its weight of water, the pH 
of which was adjusted to S-5-10 b}' the addition of a small amount of 
NaOH solution, and maijitained at the initial pH by the frequent addition 
of further small amounts of alkali. In general three or four successive 
extractions were performed, the pH of successive extracting fluids rismg 
from pH 8-5 to pH 10. The combined extracts were adjusted to about 
pH 5, and jjrecipitated and dried in the usual way. 

(c) The acetone desiccated tissue was stirred overnight with 20 times its 
weight of 50% aqueous jiyridine, one extraction only being made. The 
soluble material was precipitated by the addition of 4 volumes of alcohol, 
and dried in the usual wa3^ This method is essentially that of Fevold, 
Hisaw, and Leonard [1931]. 

{d) The method described by Bates and Riddle [1935] was also used. 
The desiccated tissue was stirred with 10-20 times its weight of 60% or 
70% aqueous alcohol solution, the pH of which was adjusted to 8-5-10 b}"^ 
the addition of dilute NaOH. The pH was maintained at its initial value 
by the frequent addition of small amounts of NaOH solution. Three or 
four successive extracts were made, the pPI rising from pH 8-5 for the first 
extract to pH 10 for the last. The combined extracts were adjusted to 
approximately pH 5 by the addition of HCl, and 3 volumes of alcohol 
were added. The precipitate was dried in the usual way. In a few experi- 
ments on horse pituitary gland, different strengths of aqueous alcohol 
varying between 20% and 70% were used for extraction, but in most 
experiments with aqueous alcohol, 60% or 70% alcohol was used. 

The residue which remained after the extraction of the ‘B’ fraction 
according to the above methods was stirred with alcohol and dried in the 
usual way. This constituted the ‘A’ fraction. 

Preparation of ‘C’ fraction. Two main methods were used for the 
separation of the ‘ C ’ fraction from the ‘ B ’ crude extract : {a) precipitation 
of the ‘C’ fi-action at the point of maximum precipitation (about pH 5-5) 
from water [cf. Riddle, Bates, and Dykshorn, 1933] ; (b) precipitation from 
0-5% NaoSO.! solution at about pH 3-5 [cf. Bates and Riddle, 1935], 
followed by precipitation from water at about pH 5-5. 

With both methods the initial step was to dissolve the ‘B’ fraction by 
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stirring in water at about pH 8-5, the pH being maintained by the fre- 
quent addition of small amounts of NaOH. Any insoluble material was 
centrifuged off, re-extracted a second or third time, and finally discarded. 
The final concentration of the solution of ‘B' fraction was usually about 
0*5 g. per 100 ml. 

(a) The pH of the solution was adjusted to the point of maximum 
precipitation (about pH 5*5) and the precipitate centrifuged off, redis- 
solved at pH 8 , and again precipitated at pH o-o. This process of pre- 
cipitation at pH 5 * 5 , followed by re-solution at pH 8 and reprecipitation, 
was carried out 4-5 times altogether. Occasionally it was necessary to 
add a trace of NaCl to ensure proper precipitation at pH 5*5 in the later 
stages. It was sometimes observed that the point of maximum precipita- 
tion moved slightly towards the alkaline side as the reprecipitations pro- 
ceeded. The final pH 5 * 5 -insolubIe material was dried wdth alcohol and 
ether, and constituted the ‘C’ fraction. 

(b) 0 * 5 % NaoSO^ was added to the solution of the 'B’ fraction and the 
pH adjusted to the point of maximum precipitation (about pH 3*5 in this 
case) by the addition of dilute H 2 SO 4 . The precipitate was redissolved at 
pH 8 and reprecipitated a number of times at pH 3*5 in the presence of 
NaoSOj. If any of the supernatants gave a precipitate on adjusting too 
close to pH 5 * 5 , this precipitate w^as added to the main precipitate at 
pH 3*5. The final pH 3‘5-insoluble material was then reprecipitated a 
large number of times at pH 5*5 according to the method descrihed in 
section (a). The final precipitate was dried with alcohol and ether, and 
constituted the ‘C* fraction. 

In one instance prolactin was prepared from sheep pituitar\' glands by 
tlie method of Lyons [1937], 

Preparation oj D' fraction, (a) The pH 5*5-soluble material from 
iicetion (a) in the preparation of ‘C* fraction constituted one type of "D* 
fraction. This was dried in tiie usual way. 

(6) The other type consisted of the pH 3*5-soIuble material from .'•ectioa 
L (5). This was precipitated by the addition of 4 volumes of alcoljrjl, and 
<lricd in the ii>ual way. The ‘D’ fraction obtained by this metliod con- 
tained .some Xa>SOj. This was removed by dialy.-'is again.-^t di>tille<l water 
at 2 The material wliii'h remained in solution after j)rol(Uiged dia!v.-'i.’> 
constituted tlie *1)/ fraction. Tlic-'C were tiried in tiie Usual inatuaT. 

(r) In >oiue in>tance.“> ‘ I ) MLu t ion was prepared tlirct t ly fi om t la* at cto.ue 
c.iivd tisMie by exhau'stive extractit m u ith at dale buli'er at pH i u [< f. 
\\ allend.aw leiu e and van l)\ke. 1931]. The exiract^ \u*re jae- ij.itaJo. d 
“^vith ak’tthol and dried, ami aie icferri d to .i^. ‘van I)%!.e* Mei ar.it:. a.- 

j* -i.*** 

r p u/.,/ */;* In .i :\'m ii.-tame'- :!.*• 

ir.i. (lun ua>. divided into fraiia-i:^ whuii are eitlar - : ;h!c or ii.-- lal !e 
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ill 70% alcohol at pH G in the presence of 0-1% NaCl according to the 
inotliod described by Bates and Riddle [1935]-. The soluble fraction (the 
prolactin of Bates and Riddle) was called the ‘G’ fraction, and the 
insoluble material the ‘R’ fraction. 


Results 

Relative, biological aclivilies of acetone desiccated anterior ‘pituitary tissues. 

As desiccation in acetone was the first treatment to which the fresh 
pituitary tissue was subjected, and as the resulting powder constituted the 
starting material for all subsequent extractions, biological assays for gona- 
dotro])hic, thyrotrophic, and lactogenic activity were performed on samples 
of dried tissue from the five different species. The results are summarized 
in Table I. A comparison is also siiown in Table I of the activities of desic- 

Table I. The hormonal activity of the anterior pituitary gland of various 

species. 

Species examinccl 

^ ....... - - - ^ _ _ _ ■ ^ 

Ox. Ox. 

Cominorcial Freshly 
dried dried 


Hormonal activity 

Man 

Horse 


Sheep 

gland 

gland 

Thyrotrophiii 

Rowlanda- 
Parkes units/ 
100 g. acetone 
dried gland 


1,070 

9,100 

5,500 

3,700 

6,750 


Relative 
activity 
(pig = 100) 

[26j* 

12 

100 

60 

41 

74 

Prolactin 

Riddle units/ 
100 g. acetone 
dried gland 

59,000 

6,450 

7,620 

160,000 

32,000 

150,000 


Relative 
activity 
(sheep — 100) 

37 

4 

5 

100 

20 

94 

Gonadotrophin. 
Immature rat 
tost 

Ratunits/lOOg. 
acetone dried 
gland 

355,000 

107,000 

5,500 

8,000 

very 

small 

very 

small 


Relative 
activity 
(man = 100) 

100 

30 

1-5 

2-5 

[0-l9]t 

[0-lS]J 

Gonadotrophin. Ovulation units/ 
Rabbit ovula- 100 g. acetone 

tion test dried gland 

213,000 

91,000 

143,000 

140,000 

29,000 

01,000 


Relative 

activity 

100 

43 

67 

66 

13 

43 


(mail = 100) 

♦ Calculated from value for van Dyke fraction 
f Calculated from value for 50% pyridine ‘B* fraction. 
X Calculated from value for van Dyke ‘ D ’ fraction. 
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cated fresh ox anterior lobe and commercial desiccated ox anterior pitui- 
tary tissue ; the latter results illustrate the importance of having as start- 
ing material dried powder prepared from fresh pituitary glands. The 
results in Table I and Eig. 6 show that the pituitary gland of the pig con- 
tains the most thyrotrophic activity per unit weight, and is followed in 
descending order of potency by that of ox, sheep, horse, and man. The 



THYROTROPHIN PROLACTIN GONADOTROPHIH(rat) GONAOOTROPHIN(RABBIt) 

Fio. 0. Relative hormonal activities of acetone-dried anterior pituitary tissues from different species. 

differences in the prolactin content of the pituitary gland of the same five 
species is even greater than the differences observed in the content of the 
th^Totrophic hormone. Pituitary’' tissues from sheep and ox were found to be 
the most active ; the human pituitary tissue contained about 40% of this 
amount of prolactin, and that of the horse and pig only 4-5% of this amount. 

The gonadotrophic activity of the human pituitary gland was found to 
be about 3 times as great as that of horse pituitary gland in stimulating 
ovarian growth in the immature rat, but only twice as great in causing 
ovulation in the oestrous rabbit. When expressed in rat units it is seen that 
the relative activity of the pituitary" gland of the sheep is only 2*5% that 
of the human pituitary gland, that of pig only 1*5%, and that of ox even 
smaller. This remarkable species difference is to be contrasted with the 
far greater uniformity in the content of the ovulation-producing substance, 
expressed in rabbit units, in the same specimens of desiccated pituitan' 
tissue. The value of the expression 

rat gonadotrophic units 100 
rabbit gonadotroj)hic units 

i'' 1<0 for human pituitary iLssue, 120 for the horx% only 5 for the pi;r, 
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foi' tiio sIicciJi uiul probilbly ubout 1 or less for ox interior pituitary 
tissue. These enormous variations in the ratio of the uetivities determined 
by tlie two types of gonadotrophie assay suggest that tlie aetivities of two 
difterent types of gonadotrophie substances are being determined. 

ThyrolrojAiin. 

The data relating to the activities of the different fractions examined are 
shown in Table II. The results show that with ox. pig, and horse tissues 
50% aqueous pyridine, alkaline aqueous alcohol, and dilute aqueous alkali 
are all good extractants, although 50% aqueous pyridine, and alkaline 
aqueous alcohol were not such effective extractants for sheep pituitary 
tissue. 

With pig and horse tissues, ‘D ’ fractions prepared by aqueous extraction 
followed by ‘isoelectric’ precq)itation of the ‘C’ fraction are similar in 
activity to corresponding fractions prepared by the van Dyke method, 
about 50% of the thyi’otrophic activity in the acetone desiccated gland 
appearing in these fractions. On the other hand, in the case of ox and 
sheep glands the van Dyke method yields a far more potent ‘D’ fraction 
than does isoelectric precipitation of the ‘C’ fraction from an aqueous 
alkaline extracting medium, although extraction of the commei’cial ox 
tissue by alkaline aqueous alcohol followed by isoelectric precipitation 
yielded a ‘D’ fraction approximately equal in activity to that obtained by 
the van Dyke method. 

On the whole the van Dyke acid buffer and the Bates-Eiddle aqueous 
alkaline alcohol procedures seem to be the most satisfactory for the 
preparation of thyrotrophic extracts. 

Prolactin. 

Table III indicates the yields and activities of the different fractions 
examined. The results show that the Bates-Riddle alkaline aqueous 
alcohol method is satisfactory for the preparation of prolactin from ox 
pituitary tissue, although in our hands it Avas less effective with sheep 
and horse pituitary tissue. Aqueous extraction followed by simple iso- 
electric precipitation of the prolactin fraction was satisfactory Avith fresh 
ox, pig, and human pituitary tissues, but less effective Avith commercial 
ox and sheep glands. The Lyons [1937] method gave a highly active pro- 
lactin preparation from sheep tissue, though the total recovery of activity 
Avas not good. 

It should be noted that, Avith horse tissue, aqueous alkaline extraction 
Avas much more effective than extraction Avith alkaline aqueous alcohol. 
This observation is of interest in vieAv of the results given in the next 
section. 
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Table II. Thyrotrophic activity 




Method of 

No. of 

Yield of 
dried 
material 

Units/lOO g. 
of dried 

Relative 
activity 
(dried gland 

Species 

Fraction 

preparation 

extracts 

0/ 

/o 

gland 

= 100) 

Ox (fresh) 

— 

Acetone 

desiccation 

2 

lOO’O 

6,750 

100 


D 

Aqueous pH 8— 
10 ppt. pH 5*5 

2 

2-4 

1,710 

25 


D 

van Dyke 

2 

12-5 

6,800 

100 


A+C 

van Dyke 
(prolactin 
fraction) 

2 

77-0 

930 

14 

Ox 

(commercial) 

— 

Acetone 

desiccation 

2 

1000 

3,700 

100 


B 

50% aq. 
pyridine 

5 

10-3 

4,690 

127 


jy 

N/20 NaOH 

5 

10-6 

2,900 

80 


yy 

70% alcohol 

5 

16-7 

3,130 

85 


D 

Aqueous pH 8- 
10 ppt. pH 5-5 

2 

2-7 

730 

20 



Aqueous alcohol 
ppt. pH 3*5 

5 

9*5 

1,780 

48 


>» 

van Dyke 

2 

3-6 

1,870 

51 


3^1 

Aq. pH 8-10, 
&c., dialysed 

5 

1*13 

1,240 

34 



Aq. pH 8-10, 
&c., ppt. after 
dialysis 

5 

0*43 

85 

2 

Pig 

— 

Acetone 

desiccation 

1 

1000 

9,100 

100 


B 

50% aq. 
pyridino 

1 

16*0 

5,920 

65 


D 

Aqueou.s pH 8- 
10ppt.pH5*5 

5 

8*8 

5,580 

61 


ft 

van Dyke 

1 

10 0 

5,260 

58 

Sheep 


Acetone 

desiccation 

1 

1000 

5,500 

100 


B 

50*^0 aq. 
pyridino 

1 

9-5 

665 

12 



70% alcohol 

1 

50 

150 

9 


D 

Aqueous pH S- 
10 ppt. pH 5-5 

3 

5*7 

1,230 

• !•> 



van Dyke 

\ 

70 

3,900 

71 


— 

Acetone 

de.'iiccation 

1 

100 0 

1,070 

100 

Hor-Aj 

B 

50% aq. 
pyndine 

1 

13 0 

015 

58 


♦♦ 

.\rpn'oii> at 
pH S-10 

1 

22 0 

1,530 

no 


D 

Atpicou^ pH H- 
10 pj)t. pH 5-5 

3 

O' i 

42 J 

So 
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Table 111. 

Prolactin aclivity 







Yield of 


Relative 



I\Ietho(l of 


dried 

Units/ 100 g. 

activity 

Sj)ccit\s 

Fraction 

No. of 

gland 

of dried 

(dried gland 

prcpanuion 

oxtracta 

O' 

/O 

gla/ui 

= 100) 

Ox (fre-sli) 


Acotono 

o 

100 

150,000 

100 



dcdiccution 






C 

AqueouH pH 8- 

o 

lOO 

03,700 

42 



10 ppt. pH 5'5 






if 

Aqucou.s alcohol 

o 

4-75 

38,700 

20 



ppt. pH 






A-f-C 

van Dyko 

♦> 

77-0 

100,500 

71 

Ox 


Acotono 

o 

100 

32,000 

100 

(couimorcial) 


de.siccution 





B 

Aqiieou.s alcohol 

0 

10-7 

14,500 

45 


C 

AqiieouH pH 8- 

•> 

7*0 

3,100 

10 



10 ppt. pH 5-5 






ft 

Aqiioon.s alcoliol 

5 

11-0 

18,000 

59 



ppt. pH 3*5 






A-fC 

van Dyko 

3 

SO-2 

20,200 

03 


F 

Batcs-Ricidlo 

2 

1*9 

1,610 

5 


G 

>> 

3 

M7 

7,080 

24 


Pig 

— 

Acotono 

1 

100 

7,520 

100 

C 

desiccation 
Aqueous pH 8- 

5 

14*5 

4,450 

59 




10 ppt. pPI 5*5 





Sheep 


Acotono 

o 

100 

160,000 

100 

B 

tlesiccation 
Aqueous alcohol 

1 

6*6 

27,500 

17 



C 

Aqueous pH 8- 

2 

8*9 

15,600 

10 



10 ppt. pH 5*5 
Lyons [1937] 

1 

0*4 

5,190 

3 


A-fC 

van Dyko 

4 

84*9 

175,000 

no 


It 

i> 

1 

80*0 

186,000 

100 


C 

van Dyke-f 

1 

15*6 

89,000 

48 



Aq. pH S-IO 
ppt. pH 5*5 






A 

van Dyko 

1 

65*6 

50,000 

27 



residue from 
above 





Horse 

_ 

Acotono 

1 

100 

6,450 

100 



desiccation 






B 

Aqueous pH 8-10 

3 

25*1 

4,600 

71 


>> 

Aqueous alcohol 

2 

8*8 

442 

7 

Man 

_ 

Acotono 

1 

100 

59,000 

100 



desiccation 






C 

Aqueous pH 8- 

1 

14*5 

22,000 

37 



10 ppt. pH 5*5 




137 


A-f* C 

van Dyke 

1 

73*2 

81,000 
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Gonadoirojphin. 

Assay on the immature rat. The results for gonadotrophic activities, 
using the growth of the ovary of the immature rat for assay, are shown in 
Table IV. The results show that only about one-quarter of the initial 
activity is found in the ‘D ’ fraction prepared by aqueous extraction of the 
desiccated gland followed by isoelectric precipitation of the prolactin 
fraction. On the other hand, wifh the van Dyke method of extraction, 


Table IV. Gonadotrophic activity assayed in rat units 




Method of 

Xo. of 

Yield of 
dried 
gland 

Units/ 100 g. 
of dried 

Relative 
activity 
(dried gland 

Species 

Fraction 

extraction 

extracts 

o/ 

/o 

gland 

= 100) 

Ox 

(commercial) 

B 

50% aqueous 
pyridine 

2 

10 

675 

— 


D. 

Aqueous pH 8- 
10 ppt. of ‘C ’ 
at pH 5*5 

1 

1*43 

70 




Aqueous alcohol 
ppt. at pH 3*5 

1 

1*3 

90 


Sheep 


Acetone 

desiccation 

1 

100 

8,000 

100 


B 

70% alcohol 

3 

7*2 

1.370 

17 


D 

Aqueous pH 8- 
10 ppt. of ‘C’ 
at pH 5*5 

3 

6*1 

1,760 

22 


f> 

van Dyke 

4 

7-0 

7,470 

93 

Pig 

— 

Acetone 

desiccation 

1 

100 

5,500 

100 



Aqueous pH 8— 
10 ppt. of ‘C* 
at pH 5*5 

4 

8*9 

1,020 

29 


- 

van Dyke 

1 

10-0 

10,000 

125 

HorbO 

— 

Acetone 

desiccation 

1 

100 

107.000 

100 


B 

Ny:20 NaOH 

1 

47-0 

47.000 

44 



50°o pyridine 

.» 

12-5 

23.000 

•>.> 



Aqueous at 
pH 8-10 

G0% alcohol 

5 

2G-2 

63.1 00 

59 




S*3 

21.5CM1 

20 



70®o alcohol 

1 

S-S 

11,100 

11 


D 

Aqut'ous pH 8- 
10 ppt. of *C* 
at pH 5-5 

G 

5-3 

2G,S00 

25 


•• 

van D>ko 

1 

GO 

CO.ChVj 

2'i 

Man 

— 

Acclono 

dcAiccalion 

- 

lUO 

35o,C»’.*-J 

K’O 


D 

vim D\ ke 

1 

9*25 


ZJ 


A-fC 

van Dyko 
(rvaiduc) 

1 

73 2 

1.5-j 

u3 
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approximately riuantitatlvo recovery of activity in the ‘D’ fraction W£ 
obtained in the ease of glands from the sheep and pig, the activities < 
wliieh are relatively low in this respect, whereas only about one-third < 
the total activity Wiis recovered from horse and human tissues, whic 
are much more active in this respect. 

0 10 20 30 40 50 60 70 



Fio. 7. Total gonadotropliic activity (rat ovary assay) — curve A, and solid 
material — curvo B, extracted from acetone desiccated hoi'so pituitary tissue by 
different strengths of alkaline aqueous alcohol solution. 

It was of particular interest to find that in the case of horse tissue, 
alkaline aqueous alcohol (70%) is a very poor extractant of this type ol 
gonadotrophic activity, compared Avith simple aqueous alkali. A further 
investigation of this point Avas made by extracting a number of different 
samples of desiccated horse tissue from the same batch of material with 
alkaline aqueous alcohol containing different percentages of alcohol. The 
results, Avhich are given graphically in Fig. 7, shoAv that the amount of 
soHd material extracted and the total amount of activity recovered 
rapidly decrease Avith increasing concentrations of alcohol, the total 
activity recovered being approximately proportional to the amount of 
solid material extracted. It is clear from these results that aqueous alkali 
is a better extractant for horse tissue than is aqueous alkaline alcohol of 
any strength. 

Assay on the oestrous rabbit. The results of assays in Avhich oestrous 



a:nterior pituitary hormones 
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rabbits were used are given in Table V. It will be seen that there is little 
to choose between the methods used, though it should be pointed out that 
simple aqueous alkali is apparently an excellent extractant for this type 
of gonadotrophic activity. Seventy per cent, alkaline aqueous alcohol also 
proved to be an effective extractant for ox and horse pituitary tissues. 


Table V. Gonadotrophic activity in rabbit units 






Yield of 


Relative 





dried 

Units/iOO g. 

activity 

Species 


Method of 

No. of 

gland 

of dried 

(dried gland 

Fraction 

extraction 

extracts 

o/ 

/o 

gland 

= 100) 

Ox (fresh) 

— 

Acetone 

1 

100 

91,000 

100 



desiccation 





Ox 

D 

van Dyke 

1 

11-9 

39,700 

44 



Acetone 

1 

100 

28,600 

100 

(commercial) 


desiccation 





B 

50% pyridine 

2 

10-2 

22,400 

78 



N/20 NaOH 

1 

1-7 

11,200 

39 



70% alcohol 

1 

5-3 

10,600 

37 


>> 

60% alcohol 

2 

21-2 

26,500 

93 


D 

Aqueous alcohol 

1 

71 

3,550 

12 



ppt. at pH 3-5 






Dx 


1 

1-05 

2,625 

9 


I>2 


1 

0-28 

190 

1 




Acetone 

1 

100 

143,000 

100 



desiccation 






D 

Aqueous pH S- 

1 

5-75 

95,800 

67 



10 ppt. at pH 
5*5 







van Dyke 

1 

10-0 

71,400 

50 

Sheep 



Acetone 

1 

100 

140.000 

100 



desiccation 






B 

Aqueous alcohol 

3 

7-2 

38,000 

27 


D 

van Dyke 

2 

C-5 

59,500 

43 

Hor^o 



Acetone 

1 

100 

91,000 

100 



desiccation 






B 

Aqueous 

1 

2S 

S0,000 

90 



pH 8~10 

70% alcohol 

1 

S-S5 

50,000 

50 


D 

Aqueous 

3 

3-6 

45.300 

50 



pH S-10 
ppt. at pH 5-5 






tt 

van Dyke 

1 

GO 

CO.OoO 

00 

M:.a 



Acetone 

1 

100 

213.0W 





de.'jiccation 






ComplcicHLSs of separation of different honnonti. 
bd>lo \ J gives the results of soiiie exj)criiuen(s carried out to detenuftie 
ai thyrotrophie and gonadotrophic aeliviiic'^ were pie-ent in the 
I fo .letin) fraction, and conversely what was ilie }>ru!aclin activity ti.e 
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‘D’ fractions. Tlie assays show that extraction with G0% or 70% alcohol 
followed by separation of the ‘C’ and ‘D’ fractions at pH 3-5 in the pres 
once of 0-5% Na.SO,, resulted, in the case of ox pituitary extracts at least 
in a complete separation of the prolactin activity from the thyrotrophi( 


Table VI. TAe coinpktcness of scpuralion of different hormones 


Activity tested 

Species 

Fraction 

Tliyrotrophin 

Ox 

32 C 

37 C 

50 C 

52-1 C 
52-2 C 
•18 C 


Pig 

•13 C 

Prolactin 

Ox 

32 Dj 


37 Di 
50 D, 


Gonadotrophin 

Plorso 

39 C 

(rat ovary) 


•11 C 
6-1-1 C 
58-1 C 

Gonadotrophin 

Ox 

32 G 

(oestrous rabbit) 


37 C 


Horse 

39 C 
•11 C 


Activity in *C 
or *D* fractior 



Daily doso 

compared with 


giving no 

that in 

Method of 

obscrvablo 

corresponding 

ofTcct 

•D’ or *0* 

preparation 

mg. 

o/ 

/o 

1 

20 

0 


20 

0 

y Bates-Riddio 

20 

0 

1 

20 

0 


20 

0 

•Aqueous extraction 

41 

14 


20 

0 

• Batcs-Riddlo 

20 

0 


20 

0 

aqueous extrac- 
tion pPI 8-10 

— 

20-5 

15*9 

1*8 

0*6 

ppt. at pH 5*0 

— 

Bates-Riddlo 

40 

0 

100 

0 


Aqueous extraction 


8*5 

70 


and gonadotrophic activities. ‘Complete’ is, of course, a relative term. 
Aqueous extraction followed by separation of the ‘C’ and ‘D’ fractions 
at pH 5-5 did not give complete separations of the different types of 
activity. 


Distribution of solid matter in the different fractions. 

Table VII gives the amounts of solid matter (expressed as % of dried 
gland) found, on the average, in the ‘C’ and ‘D’ fractions of the different 
species, prepared by aqueous extraction. The final column gives the 


Table VII. Distribidion of solid matter between the ‘ O ’ and ‘D ’ fractioris of 

the different species 


Solid matter as % of dried gland, present in: 

A 


Species 

* C * fraction 

‘D* fraction 

‘C’ and ‘D’ fractions combined 

Ox 

9*3 

2*6 

11*0 

Sheep 

8*3 

6*1 

14*4 

Pig 

14*5 

8*8 

23*3 

Horse 

14*3 

5*3 

19*6 
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total of the solid in the two fractions combined, and indicates that pig 
pituitary gland has about twice as much aqueous extractable matter as 
ox pituitary gland. Sheep pituitary gland contains a little more extract- 
able solid than does that of the ox, whereas horse pituitary gland has 
almost as much as pig pituitary tissue. Ox pituitary gland is characterized 
by having a very much smaller ‘D’ fraction than the other pituitary 
tissues examined. 


Discussiok 


Rdaiive actimiies of anterior 'pituitary tissues from the different species 
examined. 

The results showing the relative hormonal activities of the pituitary 
glands of the different species are summarized diagrammatically in Fig. 6. 
It is clear that human pituitary tissue is very much more active gonado- 
trophically than that of any of the other species examined, but it has a 
small, though by no means negligible, content of prolactin and of thyro- 
trophin. Horse pituitary gland is next in order of activity with respect to 
gonadotrophin as assayed by the rat ovary test, the activity in this respect 
of the other species examined being very slight. Nevertheless, as deter- 
mined by the rabbit ovulation test, ox pituitary tissue is as active gonado- 
trophically as horse pituitary tissue, and pig and sheep pituitary tissues 
are even more active than that of horse. 

The glands from sheep and ox contain the most prolactin, pig and horse 
tissues containing negligible amounts. Pig pituitar}^ tissue is most active 
thyrotrophically : ox and sheep tissues both possess a fair degree of activity 
of this type, but horse tissue is negligibly active in this respect. 

These results suggest that for the purpose of preparing gonadotrophic 
extracts human and horse pituitary tissues are most desirable. Either 
sheep or ox pituitary tissue is convenient for the preparation of prolactin, 
while pig and ox tissues are suitable for the preparation of thyrotrophin. 

In order to bring out any relationship existing between the amounts of 
the hormones present in the different pituitary tissues the quotients or 
products of the figures representing the various t\q>es of activit}’ have been 
examined. The most promising results are given in Table VIJI, whicli 
shows that for pig, sheep, and ox tissues the quotients 


gonadotrophic activity (ovulation test) 
thyrotrophic activity 

urc of the same order, possibly indicating some degree of relationship 
between the types of activity. The evidence for a relaiiuiiship bel'aeen 
the amounts of thyrotrophic and luteinizing hormone in pituitary tisauei 
from different s|>ecies is discusj^ed in the introduction. Our recruits indicate 
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tliat tiic proportion of gonaclotropliic activity in Jiuinan and horse pitui- 
tary tissues is very nuicli greater tiuin that in any of the otlier species 
examined, h’or human, sheep, and ox ])ituitary tissues tlie cpioticnt 

prolactin content 
thjTotropln'n content 

is approximately constant, possibly indicating some degree of propor- 
tionality for these species. Finally, the product (thyrotrophic activity) x 
(gonadotrophic activity assayed by ovarian growth) is of the same order 
for pig, sheep, and ox tissues, suggesting some slight degree of inverse pro- 
portionality for these tissues. It must be confessed that the evidence for 
the existence of these relationships is not very convincing. 


Table VIII. Possible relationships between the contents of pituitary hormones 

on the tissues examined 

Value of expression for: 


r 

Gonadotrophin 
(ovulation test) 

1 " Prolactin i 

(Thyrotrophin) X (Gonado- 
trophin-ovarian growth test) 

Species 

Thyrotrophin 

[ Thyrotrophin J 

10“ 

Horso 

85 

G 

114 

Man 

93 

2G 

818 

Shcop 

25 

29 

44 

Ox 

14 

22 

27 

Pig 

IG 

0-8 

50 

(Tho hormone contents in the above expressions have been taken in terms of units per 


100 g. of dried tissue.) 

Methods for the preparation of the various active substances. 

On the basis of our results it is not easy to make any generalization 
about the methods suitable for the extraction of dilferent hormones. For 
instance, the extraction of thyrotrophin by aqueous aUvali, alkaline 
alcohol, or 50% pyridine is satisfactory with ox, pig, and horse tissues, 
but not with sheep pituitary tissue. On the other hand, sheep thyro- 
trophin was extracted satisfactorily by the van Djdce acid buffer. Again, 
methods for the alkaline extraction of prolactin were satisfactory with 
tissues from all the species examined with the exception of sheep. Un- 
doubtedly the properties of the active principles will be greatly influenced 
by the other materials present in crude extracts, and the observation that 
thyrotrophin in crude exti'acts of sheep pituitary tissue behaves dif- 
ferently from thyrotrophin in crude extracts of other pituitary tissues 
cannot be considered as evidence that sheep thyrotrophin dilfers from 
thyrotrophin present in pituitary glands of other species. 

In general, the method of Bates and Riddle [1935] is very satisfactory 
for the preparation of prolactin free from thyrotrophin and gonadotroiihin. 
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and is also suitable for the preparation of extracts with thyrotrophic 
activity. ’ For the preparation of extracts with gonadotrophic activity, 
simple aqueous alkaline extraction or extraction with the van Dyke acid 
buffer, seem to be the most satisfactory methods. 

Stoemaby 

1. The content of thyrotrophin, gonadotrophin, and prolactin of ace- 
tone-desiccated anterior pituitary tissue from man, horse, sheep, pig, and 
ox have been determined. The results, which are summarized in Table I, 
show that the greatest amounts of thyrotrophin, gonadotrophin, and pro- 
lactin are contained in the pituitary tissues from pig, man, and sheep 
respectively. 

2. Gonadotrophic activity, assayed by ability to induce ovulation in 
the oestrous rabbit, is present to a substantial extent in the pituitary 
tissue from all the five species examined, but when gonadotrophic activity 
is assayed by capacity to cause ovarian growth in the immature rat, the 
pituitary glands of man and horse are found to contain large amounts, 
whereas those of sheep, pig, and ox possess only slight activity. 

3. The van Dyke acid-buffer method and the Bates-Riddle allmline 
aqueous alcohol method are both satisfactory^ for the preparation of ex- 
tracts having thyrotrophic activity. The Bates-Riddle method was also 
found to be satisfactory for the preparation and purification of prolactin. 
Aqueous alkaline extraction or extraction with acid buffer (van Dyke) 
were found to be satisfactory procedures for the preparation of extracts 
with gonadotrophic activity. Alkaline aqueous alcohol was found to be 
greatly inferior to simple aqueous alkali for the extraction of gonado- 
trophic activity (ovarian growth assay) from horse pituitary tissue. 

We desire to thank Dr. A. C. Crooke for assistance in the collection of 
the human pituitary glands, and British Drug Houses Ltd. for supplying 
commercial preparations of acetone dried ox anterior pituitary gland at a 
reduced rate. 
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ilETHODS AND RESULTS 
A number of 4-5-month7olci female rats of the Long-Evans strain, bred 
in our laboratory, were examined by laparotomy on the 1st day of oestrus. 
With minor exceptions the uteri of all the animals exhibited complete 
oestrus, the essentials of which are hypertrophy, hyperaemia, and disten- 
sion. The ovaries contained either mature follicles or numerous corpora 
lutea of apparently recent origin. The animals were segregated into three 
groups and fed on different diets as follows: 

(1) A low protein (7%) diet, ofchenvise complete (the protein being 
derived from the milk powder present in the diet). 

(2) A complete diet containing 4% lSrH 4 Cl. 

(3) A complete diet containing 8% NaHCOa. 

All the rats lost weight, especially during the first few weeks. The usual 
weight lost was about 5 g. weekly ; but those on the NH^Cl diet lost as 
much as 10 g. weekly at first. The rats were smeared daily for about 
8 weeks, after which they were autopsied. They ^vere, however, laparoto^ 
mized before the end of the experiment, and a section of the uterus and 
one ovary removed for microscopic study. 

The changes in the vaginal smears of the rats in the first two groups 
were quite similar. They exhibited regular vaginal oestrous cycles for 
about 3 weeks, after which the dioestrous periods lengthened gradually 
and, after the 5th week, became rather infrequent. The group of rats on 
NaHCO^ differed from the others in that they continued to have normal 
vaginal cycles for about 6 weeks. During the 3rd and 4th weeks on the 
various dietary regimes all rats were opened on the 1st day of vaginal 
oestrus, and the uteri and ovaries \vere examined for the completeness of 
tile oestrous responses. It is important to examine the uteri during late 
pro-oestrus or early oestrus, since the t^^pical uterine oestrous phenomena 
regress soon after tlie fully cornified vaginal smear is obtained. The uterine 
oestrus observed by gross examination in our rats was classified into one 
of two groups: complete oestrus, in which tlie uteri were distended and 
hyperacmic; and incomplete oestrus, where the uteri were jxile and not 
distended, and resembled those in normal dioestrus. Table I summarizes 
observations: 

lable I, Type of uterine rc.spon^c ob^crvtJ diiriny vayinal oe^tru^i of rn/s on 

varioin^ dieU 

Ojinjjlrto Inc«/irij.lc to 

Low |»rul<'in 3 l.> 

NH*a 7 J 

XallCO, 1 1 i 


It iMji hc.-ci'ii from t}jis table that the eunii.’ete.^e,- -, of the rat->’ 



270 


FREED, HECHTER, AND SOSKIN 

cycles was significantly afrectcd by the first two diets, but not by the 
NaliCOa diet. In some of the uteri labelled ‘incomplete’ there was 
considerable atrophy resembling almost that seen in castrate rats. These 
abnormalities of oestrus could not bo detected by the examination of the 
vaginal smear alone, since in rats with both types of uterine response the 
vaginal smears were typically oestrous, which is ordinarily regarded as 
signifying normal ovarian activity. 

The sections of uteri removed at the 3rd or -Ith week were quite variable 
in microscopic appearance. Those of rats on the NallCOa diet appeared 
relatively normal, except for occasional low columnar epithelium of the 
endometrium. In the other two groups the epithelium was most frequently 
cuboidal and often atrophic, resembling the involuted epithelium of the 
castrate. It was difficult to predict, however, from the gross appearance 
of the uterus, the exact state of the endometrium. 

Definite gross changes in the ovaries were also observed. Although the 
ovaries of the rats with incomplete oestrus appeared normal in size at the 
3rd or 4th week, mature follicles were few or absent. When these rats 
were examined at the Gth or Sth week, the ovaries were definitely atrophic, 
containing few corpora lutea, and only an occasional mature follicle. It 
should be noted that in the interval between the 3rd and Sth week, during 
which such marked ovarian degeneration ■was in process, vaginal oestrus 
was observed at least several times in most animals. 

Microscopic examination of the ovaries of those rats wliich demonstrated 
incomplete oestrus generally exhibited definitely atrophic corpora lutea 
and an absence of large follicles. There was observed, in addition, con- 
siderable thecal and interstitial cell hypertrophy, the cells resembling 
those which we have already described in rats which were X-irradiated 
and which also exhibited partial oestrus. These results were also observed 
by Guilbert and Goss [1932] in their rats on a low protein intake. 

Control Experiments forestalling Possible Objections to the above Results and 

Interpretations 

We considered the possibility that under the experimental conditions 
the uterus might have lost its capacity to respond to the normal ovarian 
oestrogen and might thus have failed to show a complete oestrus at the 
time of vaginal cornification. This possibility was dismissed on the 
following grounds. Rats placed on these diets and showing partial spon- 
taneous oestrus were castrated. Maintaining them on the same diets, 
they were injected with about 10 1.B.U. of a complete oestrogen, oestradiol 
benzoate. Typical complete oestrous uteri were obtained in all cases. 

A criticism of our previous work on partial oestrus also required further 
investigation. It had been suggested that partial oestrus might be due 
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to the elaboration by the ovary of a sub -threshold amount of a single com- 
plete oestrogen, sufficient to induce comification of the vagina, but 
insufficient to result in a complete uterine reaction [Wintersteiner and 
Smith, 1938]. This criticism was based mainly on the work of Marxian 
and Parkes [1930], who demonstrated that 200 times the vaginal require- 
ment of oestrogen in the mouse was necessary to induce uterine oestrus. 
Others have also shown the presence of a uterine-vaginal threshold 
difference. Clauberg [1936] claimed that the induction of uterine oestrus 
in the castrate mouse required 10 times as much oestrogen as the induction 
of vaginal cornification. Szarka and Kurtz [1938] recently obtained a 
uterine-vaginal ratio of 5 or 6 to 1, in the rat. Opposed to this, however, 
is other recent evidence which indicates that the uterus is equally as 
sensitive as the vagina to oestrogenic substance. Levin and Tyndale 
[1937], working with the mouse, and Lauson, Heller, Golden, and Severing- 
haus [1939] vnth the rat, claim the uterus to be very sensitive in responding 
to oestrogen elaboration by the ovary, and they use the weight increase 
of the uteri as the most delicate test of ovarian activity. 

The following experiments demonstrate that, in our hands, the uterine- 
vaginal threshold difference in castrates to injected oestrogen is inadequate 
to account for the partial oestrous responses which we have obtained: 

Rats 3 months old were ovariectomized ; 10 days later they received 
varying doses of oestrone daily for 3 days. Vaginal smears were obtained 
after 48 and 72 hours. At the end of 72 hours they were sacrificed and the 
uteri examined, weighed, and sectioned. Table II summarizes the results: 

Table II 



Ocstrono 

Body- 

Uterine 

GroaS uterine 

Vaginal smears 

0 . of ratij 

tiosago 

weight 

g* 

weight 

mg. 

rcijponso 

at 72 hours 

S 

Nono 

180 

100 

(90-110) 

0 

8 negative 

8 

Ifj l.U. 
ocatrono x 3 

103 

230 

(203-231) 

S full ocatrus 

S comified 

8 

10 l.U. 

ocstrono x 3 

ISO 

212 

(210-278) 

7 full ocatrus; 

1 modcrulo ocatrua 

S comifiwi 

8 comified 

21 

5 l.U. 
ooatrono X 3 

ISO 

153 

(110-20S) 

12 blight ocatruji; 

12 negative 

13 negative 

1 i comilled 


It may be seen from Table II that a daily dose of 5 l.U. of oe^strone for 
3 days was capable of inducing vaginal comilication in about 50°^ of the 
rats. This amount also produced definite incrc:ise in uterine weight. 
Twice this amount of oestrogenic substance induced a gm-s uterine oe^lnw 
re.iction with hyjxiraemia, distenrion, and considerable incre.k>c in weight. 
IhLs effect w;is somewhat more inten>o with injections of 15 l.U. daily. 
The microscopic ap])earance of the uteri paralleled the niacro.'copic 
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observations. The epithelium of the eiulomotrium of rats receiving o I.U. 
daily was euboidal. that of rats receiving 10 [.Q. was low to tall columnar, 
while tall columnar epithelium was consistently found in those receiving 
1“) I.U. of oestrone daily. Since 5 I.U. of oestrone induced full vaginal 
eornilication in o0% of our rats, this amount of the hormone may be 
considered to represent the minimal requirement for vaginal eornilication. 
On the same basis the uterine re(iuircment would he more than once but 
less than twice the vaginal rc([uiremcnt. But in view of the fact that all of 
our rats which e.xhibited incomplete oestrus did have full vaginal oestrus, 
it is necessary to suppo.se that their ovaries were secreting at least twice 
the vaginal requirement of oestrogenic substance. Under tiiese circum- 
stances most of the uteri would also have undergone the complete oestrous 
reaetion. It is, therefore, impossible to account for the results in Table I 
on tlie basis of a din’erenco in threshold between the uterus and vagina. 

'J'he marked discrepancy between our results on the uterine-vaginal 
dilference in oestrogeir response and those of Marrian and Parkes [1930] 
can be explained by the fact that in their experiments the animals (mice) 
were castrated at least (J months previously. The following data reveal 
that the longer the period following castration the less the uterine 
response to oestrogen. 

Into adult rats of the same age, but which had been castrated at various 
times jJreviously, we injected aI)out 10 I.B.U. of oestradiol benzoate daily 
for 3 days. Normal complete uterine oestrus was obtained at the end of 
72 hours in rats castrated for as long as 3 months. Those castrated 5 
months previously had much feebler responses, the uteri being moderately 
distended and only mildl}'^ hyperaemic. This loss of reactivity of the utei'us 
to oestrogen after long periods of castration was further demonstrated by 
injecting a similar series of rats for 20 days with about 10 I.B.U. oestradiol 
benzoate daily. The following table illustrates quantitatively the poorer 
development of the uteri of rats which were castrated at earlier dates. 

Table III 

Interval Avorngo weight 
following of utori after 

castration oestrogen treatment 
nig. 

1 week 420 

3 months 3G5 

5 months 310 

Discussion 

Our results show that adult female rats on unbalanced diets may suffer 
varying degrees of ovarian atrophy and continuous uterine dioestrus, 
while at the same time exhibiting cyclic cornification of the vagina. Thus 


No. of rats 
of tho samo 
ago 

14 

12 

12 
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the adequacy of experimental diets as regards normal sex function cannot 
be judged solely on the basis of the vaginal smear technique. This supports 
our previous conclusions, derived from experiments under other condi- 
tions, that vaginal comification is not a reliable index of the state of the 
uterus or of normal ovarian function. For the latter purpose, gross and 
microscopic examinations of the uterus and ovaries are essential. These 
considerations seem to be both timely and important, in view of the wide 
application which is being made of the vaginal smear technique for assay 
purposes in animals, and because of the recent attempts to introduce this 
method for diagnostic purposes in humans. 

The mechanism through which our diets induced partial oestrous re- 
actions is obscure. It has been shown, however, that the incomplete 
oestrus is not due to any inherent uterine deficiency, but depends upon 
damage to the ovaries. Whether the latter results from changes in the 
secretion of the gonadotropic hormones of the anterior hypoph^^sis, or is 
a direct result of the dietary deficiency upon the ovaries, is still prob- 
lematic [Mulinos, Pomerantz, Smelser, and Kurzrok, 1939], The possibility 
that the damaged ovaries maintain a normal oestrogenic secretion, but in 
amounts so small that the vagina responds wdiile the uterus does not, has 
been investigated and found to be untenable. This conclusion is also 
supported by the work of others with other species of animal. Roentgen 
irradiation of the ovaries in ferrets, for example, may result in an oestrus 
in which the uterus is swollen and hyperaemic, but in w’hich there are no 
vulvar manifestations [Parkes, Rowlands, and Brambell, 1932]. On the 
other hand, the administration of A.P.L. to the hypophysectoinized ferret 
induces vulvar congestion without any significant oestrous changes in the 
uterus []\IcPhail, 1933]. It \vould be difficult to account for these opposite 
oestrogenic elTects on the basis of a threshold difference in sensitivity to 
oestrogen. 

Our previous work leads us to conclude tliat our present results are due 
to the failure of the damaged ovaries to secrete one or more of the various 
oestrogenic factors, which together are responsible for the comj)osite effect 
whicli we recognize as the comjdete oestrous reaction. In this connexion 
wc liave previously presented evidence that the theca cells elaborate an 
oestrogen which affects the myoinetrium, while the secretion of the 
granulosa stimulates endometrial development [Freed and So.-kin, 1937J. 
Consii^lent with this, the ovaries of the rats affected by diet in the pre>ent 
"ork exhibited atrophic corpora lulea and an ab-ence of large follicles, 
hut con>idenible theca and interstitial cell hypertroj)hy. 

Ihe po,v>ib!e application of our work to the umier.-tanding of gynae- 
cological disturbances in the human female can only be eonjecturi<i at 
pa\^ent. It may be pointed out, Iio'ae\cr, that an e\ce-,- of .i .-iri^de 



•274 FREED, HECHTER, AND SOSKIN 

oestrogen ean hardly account for the occurrence of endometrial hyper- 
plasia and of inyometrial hypertrophy (fibroids), independently of each 
other. It is possible, therefore, that these conditions might occur as the 
result of a disturbed relationship between the various oestrogenic factors 
secreted by the ovaries. It is also possible that conditions as simple and 
ns frccpient as an unbalanced diet might play a role in various gynaeco- 
logical disorders. 

SUMiMAKY 

The vaginal mucosa in the rat is not an accurate indicator of complete 
ovarian function. Under certain dietary conditions normal rats develop 
vaginal oestrus in the presence of uterine dioestrus and ovarian atrophy. 
We have explained the mechanism of such partial oestrous phenomena by 
postulating that the rat’s ovary elaborates several distinct factors, or 
oestrogens. The eflects of these j^artial oestrogens differ qualitatively, and 
the complete oestrous phenomenon is a composite of the several partial 
effects. 


REFERENCES 

Claubcrg, C. 193G. Stocckcls Handbuch Jar Qyndkologic, Munich, Borgman. 

Freed, S. C., Mesirow, S, D., and Soskin, S. 1937. Endocrinology , 21, 731. 

Freed, S. C., Meairow, S, D,, and Soskin, S. 1938. -4;/ier. J, Physiol. 123, 70. 

Freed, S. C., and Soskin, S. 1937. Endocrinology ^ 21, 599. 

Guilbort, H. R., and Goss, H. 1932. J. Nutrit.^ 5, 251. 

Lauson, H. D,, Heller, O, G., Golden, J. B., and Sovringhaus, E. L. 1939. Endocrinology, 
24, 35. 

Levin, L., and Tyndalo, H. H. 1937. Endocrinology, 21, 5. 

Loob, L. 1917. BioL BtdL 33, 91. 

Marrian, G. F., and Parkes, A. S. 1930. J. Physiol. 69, 372, 

McPhail, M. K. 1933. Proc. toy. Soc. B, 114, 128. 

Mulinos, M. G., Pomerantz, L., Sinelser, J., and Kurzrok, R. 1939. Proc. Soc. exp. Biol. 
N.Y. 40, 79. 

Parkes, A. S., Rowlands, I. W., and Brambell, F. W. R. 1932. Proc. roy. Soc. B. 109, 425. 
Szarka, A. J., and Kurtz, G. 1938. Endocrinology, 23, 64. 

Winterstoiner, O., and Smith, P, E. 1938. Ann. Rev. Biochem. 7, 258, 



STUDIES ON THE RELATIONSHIP OF VITAMIN E 
(TOCOPHEROLS) TO THE ENDOCRINE SYSTEM 

By J. C. DRTOBIOND, R. L. NOBLE, and IVIARGARET D. WRIGHT 

From the Dejpartment of Biochemistry, U niversity College, London, the Courlauld 
Institute of Biochemistry, Middlesex Hospital, London, and Research Laboratories, 

Vitamins Limited, London 

(Received 9 August 1939) 

Although it is now established that deprivation of vitamin E may lead 
to disturbances of structure and function of many tissues other than those 
primarily concerned in the reproductive cycle, it is not surprising, when 
the striking nature of the testicular degeneration and the curious character 
of the typical resorption in the female are home in mind, that there has 
been a tendency to concentrate attention on the question whether the 
vitamin plays an essential part in the reproductive cycle. 

The most direct approach has been made by investigating whether the 
vitamin itself exerts a gonadotrophic action. Up to the present the evi- 
dence has been inconclusive. The most striking claim is that of Szarka 
[1029], who stated that oral or parenteral administration of vitamin E 
concentrates produces oestrus in immature female rats. Later, Verzar 
[1931] recorded that injection of similar materials produced h^^’pertrophy 
of the uterus in similar animals, but not after ovariectomy. Diakov and 
ICrizenecky [1933 a] as well as Lesbouyrie, Berthelon, and Baje [1937] 
were, however, unable to confirm Szarka’s and Verzar’s findings. Recently, 
Underhill [1939] has supported the view that vitamin E preparations 
exert gonadotrophic activity when injected into immature female mice, 
whereas Demole [1939] did not observe any effect on the reproductive 
system when doses of a- tocopherol as large as 0*5 g. per kg. were given. 

It will be recalled that Verzar's belief was that vitamin E is concerned 
m the formation of one or more of the hormones of the anterior pituitary 
[Verzdr, 1931 ; Verzar, Arvay, and Kokas, 1931 ; Vcrzdr and Kokas, 1931]. 
fhe suggestion that pituitary function is depressed in the condition of 
Vitamin E dei)rivation was rejected by Evans [1932] because parenteral 
administration of fresh hypophyseal substance failed to prevent the 
typical resorption in E-delicient females and also because the striking 
contnust between the severity of the degeneration of testicular structure 
mid the maintenance of normal ovarian structure was incompatible wiili 
tile accepted views of pituitary function. 

I he pituitary came into the picture again, how ever, when Xebon [1933] 
louiul that testicular degeneration in I lie condition of E-deficiency is 
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associated botli with liistological cliuiiges and with an increased amount 
of gonadotro[)liic hormones in tlie anterior lohe. Ch'erhahe [lO.'t.'Jj also made 
similar observations. These ‘castration clianges ’ were marked in the male 
pituitary following a period of E-delicieney, but Xelson did not detect 
them in female rats. Later, Mctiueen-Williams [IDlitJ claimed that 
pituitaries removed from females fed on lO-delieient diets for l;5-20 months 
and which had also had resorption-gestations, e.xerted more than twice 
the gomulotrophic action shown b^- glands zemoved fiom adecpiatcly 
nourished females. This zippeared to indicate that K-deprivation at length 
produces gonadal impairment in the female as well as in the male. 

The view that the picture of J‘]-deticiency might be clai’ified by studying 
what appeared to be disturbances of the horznonal activity of the pituitary 
wzis streizgtheized by the observation of Rowlands and Siizger [I93tiJ that 
the lutcini7.ing potency of the glands, as izieasuied by the rabbit-ovulation 
test of Hill, Parkes, and White is significantly reduced in that 

condition and also by the work of JBai'rie [1937 a, 1937 b, 1937 c]. 

In the following e.xpci’iizients an attempt has been nzade to determine 
w’hat possible relationship the endocrine organs might play in the changes 
found in E-delicient zziale and female rats. 

jMethods 

The E-cleficient rats used in these experimeizts were ones which had 
been placed at weaning on one or other of two E-deficient diets, given 
below. 


t/.C. diet Vitamins laboratory diet 


‘Glaxo’ casein (oshlcss E) , 


. 18 

Casein 

. 

. IS parts 

Rico starch 


. ir) 

Rico starch 

. 

, 50 * 

Lard .... 


. 12 

Lard 

. 

. 20 

Yoastrol (yeast extract) 


. 8 

Dried brewer’s yeast . 

• 

. 14 

Cano sugar 


. 10 

Salt mixture 

• 

. 5 

‘Glaxo’ salt mixture , 


. o 

Daily cotl liver oil 



Cod liver oil . 

, 

o 





The animals were weighed at regular intervals and maintained on the 
diet for various lengths of time. The normal stock from which imiziature 
females or others used for hypophysectomy were taken were fed on a 
normal diet of the same composition as described by Thomson [1936j. 
Other control animals were fed on the balanced rat ration compounded 
by Messrs Agricultural Food Products Limited, London, W. (5. 

At autopsy the various endocrine organs were dissected and fixed in 
Bouin’s fluid. In some cases they were weighed after partial dehydi-ation 
in 70% alcohol; this is noted izi the tables. The gonads were examined 
histologically. 

In some experiments fresh pituitary glands were used for iznplantation ; 
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in others they were first dehydrated by placing in acetone and then dried. 
Suspensions made by grinding the dried glands in water at a pH of 9-10 
were kept in the ice-chest until required. An extract of the serum of 
pregnant mares ‘ Antostab ’ (Boots) and an extract of the urine of pregnant 
women ‘Physostab’ (Boots) have been employed to produce stimulation 
of the gonads. In replacement therapy with vitamin E, either concentrates 
prepared by the method described by Moss and Drummond [1938] or 
synthetic a-tocopherol acetate generously supplied by Boche Products 
Limited have been used. 


Results 

Effects of Vitamin E on Normal Rais 
Ivunature females, A group of 5 immature rats (40-45 g.) were given daily 
subcutaneous injections of 5 mg. of synthetic a-tocopherol acetate (as a 
20% solution in olive oil) for 5 days and killed on the following da 3 ^ 
Another group of 5 animals were given orally the same dose of tocopherol. 
At autopsy it was found that in all cases the vagina was closed and that 
the ovaries and uteri had remained in the infantile condition. 

Hypophyseciomized adult females. Vitamin E concentrate (73% toco- 
pherol) equivalent to 25 mg. vitamin E was given by mouth to adult 
female rats, from 10 to 18 days after removal of the pituitary gland. The 
vaginal smear did not alter from the dioestrous condition and no effect 
of the vitamin E could be demonstrated on the body-weight or weights 
of the ovaries or adrenal glands. 

Gonadotrophic Hormone Content of Pituitaries from E -deficient Rats 
In the first experiment immature female rats were injected subcuta- 
neously with the equivalent of one pituitar}’ dail}" for 5 days and killed on 
the following day. The E-deficient rats from which the pituitaries were 
obtained had been fed on a deficient diet for about 9 montlis. The results 
may be seen in Table I. 

lable I. Assay of pituitaries from E-deficUnt rats on imuiaiitrc female rats. 

{Dose ^ to 1 gland daily for J days) 


Source of 


liocly^wt. 

Vtoru'j 

0> ario'* 


j)it Hilary glanii 

Sox 

K* 



Vagina 

KMli'licirnt 

M 

on 

73 

03 

c>j/<n 

Nonn.U 

M 

all 

73 


o]* a 

Xonnal 

M 

at) 


13 


K-tiorj{ lit 

F 



7» 

* 

NonnaJ 

F 

."n 

il 

1# 

1 1.> - ■ 1 


F 

oO 

73 

11 


K: < tif 1 1.0 t A ,*r.r . 

;:i all 

1 f :1, 

.X oxjvr.;: 

; . i . 1 at .* r 


r thi-* r.uiK'* K» 

1\ • a 1 
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Tlicscj result.s confirmecl Nelson’s ob.sorvatioii.s, but not those of McQucen- 
Williains ; the low hormone oontcjit of the pituituries in the case of the 
female rats, however, made the ovarian response of doubtful significance. 

In a further e.xperiment immature female rats (-10— log.), hyjjophysecto- 
mized lor 7—10 days, were injected with the {)ituitary gland suspensions of 
female rats, E-delicient for various periods. These results are showm in 
Table If. 

Table If. Aasuij of piluilaries from E-di'Jicicnt fciiutlc raO on immature 

hypophnsedomizcd female ruts 


Source of 

'rotal (lose. 

Injection.^ 

Uterus 

Ovaries 

pituitary glaml 

no. of glands 

days 

ing. 

mg. 

— 

O-control 

— 

IS 

vS 

— 

0-control 

— 

25 

7 

Xornuil rats 

r» 

5 

215 

\A 

1 » II 

5 

o 

220 

\A 

E-(lcficiont for 3 inoutlw 

A 

A 

120 

15 

II » 1 

o 

5 

85 

20 

II II 

5 

o 

255 

25 

II II 

5 

0 

220 

20 

Normal ruts 

20 

10 

255 

137 

E-tloficiont for 3 inoiitlis 

20 

10 

200 

84 

E-dencient for 12 inoiitiis 

20 

10 

220 

42 


These results are conllieting in that the animals receiving the equivalent 
of 5 glands gave a different response from those injected with 20 glands. 
In the former series the E-deficient pituitaries contained more gonado- 
trophic hormone than those from normally fed rats. When the larger 
dosage was used the hormone content of the glands diminished as the 
severity of the E-deprivation increased. Histological examination of the 
ovaries of the rats receiving the larger dose showed that those stimulated 
by the pituitaries of normal rats contained numerous large follicles and 
corpora lutea. Tlie pituitaries of rats E-deficient for 12 months, on the 
other hand, caused only follicular growth. This may be mterpreted as 
an indication of an alteration of the gonadotrophic hormone content 
of the pituitary gland in E-deficiency. When experiments of a similar 
nature were repeated, using the pituitaries from long E-deficient male 
rats, it was found that a stimulation of both follicles and corpora lutea 
occurred. 


Treatment of E-deficient Female Rats 
Endocrine gland weights. It was considered of interest to collect the data 
concerning the weights of tire endocrine glands of E-deficient female rats 
to see if they differed appreciably from those of control animals. Groups 
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of 20 or 30 animals have been used for comparison and the weights 
obtained are listed in Table III. 


Table III. Endocrine gland weights in E-deficient female rats 


Body-weight g. 
Uterus mg. 

„ mg./lOO g. 
Ovanes mg. 

^ „ mg./lOO g. 
Pituitary mg. . 

„ mg./lOO g. 
Adrenals mg. 

„ mg./lOO g. 


E-deficient 
3-6 months 

Normal rats virgin 

154*8 141*5 

365-3 304*4 

238*22 (S.D. 92*2) 216*5 (S.D. 112-5) 

52-7 47*9 

33*65 (S.D. 7*25) 32*84 (S.D. 4-16) 

8-3 7*6 

5*38 (S.D. 0-73) 5-42 (S.D. 0*78) 

52-6 54*9 

33*69 (S.D. 4-42) 39-25 (S.D. 8*00) 


E-deficient 
9-12 months 
virgin 

199-0 


74-0 

38-23 (S.D, 9-28) 
11*5 

5*80 (S.D. 1-36) 
55-25 

28-24 (S.D. 5*5) 


E-deficient 
9-12 months 1 or 
more resorptions 

207-0 

763-3 

369-7 (S.D. 136-26) 
S8-9 

43-74 (S.D. 7-8-i) 
12*6 

6-15 (S.D. 0-67) 
56-6 

27-77 (S.D. 2-29) 


With the exception of those for the adrenal glands, these figures do not 
show any significant difierences between the E -deficient and the normal 
control rats. The smaller weights of the adrenals per 100 g. of body-weight 
seen in the cases of E-deficiency are statistically significant, but we do not 
relate them to the dietary defect, since similar figures were obtained in 
examining a large group of female rats which had been fed for many months 
on a diet exceptionally rich in wheat germ oil of proven potency. 

Response to Antosiab. The response to an extract of pregnant mare 
serum (Antostab) of the ovaries of female rats after 4-6 months on an 
E-deficient diet has been determined. Groups of 5 or 10 animals received 
injections of 5 m.u. daily for 5 days followed by 20 m.u. for 5 days, and 
were killed on the day after the last injection. The results are shown in 
Table IV. 


Table IV. Effects of Antostab on E-deficie7it fe^nah rats 

Average per 100 g. bcxly-wcight 


Diet 

Normal 

Normal 

E-Ueficient 

E-doficient 


Treatment 

None 

Anto:>tab 

Nono 

.VntOdtab 


Utcnis mg. 

233 

285 

216 

290 


Ovaries mg. 

33 

79 

32 

60 


On sectioning the ovaries showed well-developed follicles and corpora 
lutca similar to those produced in the control injected rats, 

Atlcmpts to prevent resorption. Various attempts were made to alter the 
hormone balance in E-deficient rats which had become pregnant in order 
to SCO if it was possible to prevent the resorption which regularly occurs. 
Ihe following substances were administered to E-deficient rats as soon os 
pregnancy was established; 

OO Injection of s;iline suspension of dried rat pituitary’ glands equivalent 
a ing. of fresh gland daily. 

(^) Implaiuation of two fresh rat pituitary glands every second day. 

T 
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(c) Diiily injections of 10 in.u. Antostub (extraefc of pregnant mure 
serum). 

{(1) Daily injections of o m.n. Pliysostab (c.xtrnot of hninan pregnancy 
urine). 

(e) .Iho subcutaneous implantation of 5 mg. tablet of progesterone. 

(/) Implantation of 20 mg. tablet of testosterone propionate. 

None of these foi’ins of treatment was found to be effective in preventing 
foetal resorption. 

Trealment of E-deficient Male Ruts 

Endocrine (jland weiylds. The weights of the various endocrine glands 
have been compared in normal rats with those of E-deficient male rats. 
Groups of 20 or 80 animals wore used. These results arc shown in Table V. 


Table V. Endocrine gland weights in E-deficienl inale rats {9-10 months 

deficiency) 

Normal rata E-dofiefent 


Body -weight g. 
Tcbtca jag. 

„ mg./lOO g. 
Prostate mg. 

„ mg./lOO g. 
S. vesicles mg. 

„ mg./lOO g. 
Pituitary mg. 

„ mg./lOO g. 
Adrenals mg. 

„ mg./lOO g. 


231 

2114 

1060-8 (S.D, 213-8) 
350 

142-7 (S.D. 81-44) 
266 

68-84 (S.D. 4-16) 
7-5 

3-19 (S.D. 0-6) 

35 

16-2 (S.D. 3-54) 


230 

810 

341-7 (S.D. 67-7) 
230 

102-7 (S.D. 47-7) 
95-2 

40-0 (S.D. 8-99) 
8-5 

3-61 (S.D. 0-33) 
32 

15-7 (S.D. 4-41) 


TJiese figures show the striking alteration in weight wliich occurs in the 
testes after E-deprivation. The prostate and seminal vesicles, on the 
other hand, are relatively slightly affected. 

Response to trealment. Attempts have been made to restore the testes of E- 
deficient rats by treatment with gonadotrophic extracts, either alone or sup- 
plemented by vitamin E by mouth. Animals on a deficient diet for about 6 
months were treated daily for 14 days, and the results are shown in Table VL 

No evidence of testicular regeneration from the weights or from micro- 
scopic examination was found. There was, liowever, evidence of increased 
activity of the interstitial tissue under the stimulus of the Antostab. 
Experiments of a similar type in which administration of pregnant mare 
serum extract (Antostab), together with vitamin E concentrates, was 
supplemented by doses of 5 m.u. and 10 m.u. of Physostab (human preg- 
nancy urine extract) daily for 14 days also failed to produce any detectable 
restoration of spermatogenesis. 

In another experiment male rats which had been on the deficient diet 
about 150 days were fed for 26 days on a diet very rich in E. It contained 
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12% of a potent wheat germ oil and was supplemented with a daily 
dose of concentrate providing about 5 mg. of the vitamin. After this 
period they were injected with 20 m.u. daily of Antostab for 24 days, the 
diet being maintained. They were mated wth a succession of normal 
females during this period, but no pregnancies resulted and the males 
appeared to have diminished sex interest. At autopsy the testicular 
weights were stiU within the range found at this stage of atrophy caused 

Table VI. Effects of Antostab and vitamin E on E-deficient male rats. 

(5-d months deficient) 

Body- Testes Seminal 



weight 

Testes 

g. per 

vesicles Prostate Pituitary 

Adrenals 

Treatment 

g- 

S- 

100 gm. 

g- 

g- 

mg. 

mg. 

Nil 

260 

2-86* 

M 

0-93 

0-80 

6 

34 


287 

3*12 

1-08 

0-48 

0*42 

7 

47 


238 

2-50 

1*09 

0-47 

0-36 

7 

34 

5 mg. E daily 

250 

1-97 

0-79 

0-26 

0'22 

7 

44 


198 

1-98 

1-00 

0*38 

0-51 

6 

39 


160 

1*53 

0*95 

0-27 

0*34 

7 

34 

5 mg. E-f 10 m.u. 

240 

2-93 

1-23 

1-74 

1-15 

5 

32 

Antostab daily 

300 

2*93 

0-97 

1-35 

1*05 

8 

44 

240 

2*17 

0-90 

0*85 

0-79 

6 

31 

10 m.u. Antostab daily 

230 

2-30 

10 

1*08 

0-77 

5*5 

38 


225 

1*86 

0-82 

1*61 

0-97 

G 

38 


* It will be noted that the weights of the testes of the untreated animals is about the 
sumo as those given for normal animals in Table V. This is mainly duo to the fact that the 
rats had been fed on the deficient diet for only from 5 to 6 months. Wo have encountered 
considerable variations in the extent to which atrophy occurs in the first stages of E- 
deficicncy, o.g. another group which had been fed on the deficient diet for 6 months had 
testes averaging only 1 g. The animals to which the figures in Table VI refer were, however, 
drawn from one group and are, therefore, presumably comparable. 

by E'deprivation, and the microscopic study failed to reveal any signs 
of regeneration of the spermatogenic tissues. 

In order to study the response of the interstitial cells of the testes of 
E-deficient rats to stimulation by gonadotrophic hormones it 'was con- 
sidered essential first to remove the animals’ pituitary glands. A number 
of male rats which had been on E-deficient diets for 12 months were hypo- 
pbysectomized and then injected with Antostab. The results are given 
in Table VII. 

iable VII. Effects of Antostab on hypophyscclomizcd E-deficient male rats. 





Seminal 



of rats 


Tc'>lei 

\c*icles 

Proatato 

Adrenals 

Coiiditiou Treatment 

mg. 

mg. 

mg. 

mg. 

a 

a 

Xormal None 

1096 

857 

boa 

U 

Hyi>op}j) >cctomi 2 cd Xono 

51 S 

21S 

325 

33 

a 

10-12 day a 

Hyi>opliy>ectumjzed 10 m.u. 

762 

1701 

1005 

20 


10-13 viaV'* .Vutu'^tab 

daily 
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It may bo scon that in this series of rats the seminal vesicles and pros- 
tates were of a normal size in the E-cleficient animals despite the atrophic 
condition of the testes. The interstitial cells appear, therefore, to be able 
to maintain a normal secretion of androgens, Avhereas the spermatogenic 
tissues atrophy and bccomp functionless. The microscopic appearance of 
the testes of one of these animals may be seen in Plate I, Pig. 1. After 
hypophysectomy the size of the testes is mai'kedly reduced, and the intei’- 
stitial cells cease to function, as indicated by the atrophic condition of the 
accessory organs. A section of testis showing this increased atrophy is 
reproduced in Plate I, Pig. 2. Pregnant mare serum extract, however, 
tends to maintain the weight of the testes and stimulates the interstitial 
cells to liberate androgens, so that a marked increase in size of the prostate 
and seminal vesicles ensued. Since the spermatogenic tissue of the tubules 
was unaffected, the testes of the hypophyseetomized E-deficient male rat 
would appear to respond to pregnant mare serum only by interstitial cell 
stimulation. The microscopic picture may be seen in Plate II, Pig. 3. 

Discussion 

The experimental results which have been obtained do not indicate 
that the endocrine system is primarily responsible for the changes ob- 
served after feeding rats on an E-deficient diet. From a consideration of 
the changes observed at autopsy in deficient rats it is apparent that the 
most striking difference from normal is in the testes of the male animals. 
Whereas the testes are reduced in weight, the accessory organs were only 
slightly subnormal. Kudrjaschov [1930, 1931, 1936] has suggested that 
the effects on the accessories are related to the retardation of growtli and 
general debility of the rats Avhen maintained on deficient diets for pro- 
longed periods. Despite Avliat appears to be a relatively normal production 
of androgens by the interstitial cells of the testes of E-deficient rats, it has 
been noted that mating seldom occurs and that the animals exhibit in the 
later stages a marked lack of sexual interest. This observation was 
originally made by Evans and Burr [1927] and has been confirmed more 
recently by Wiesner and Bacharach [1937]. 

The gonadotrophic hormone content of the pituitary gland of E-deficient 
female rats would appear to differ only slightly from that of glands of 
normal rats. The hormone content of the pituitary from E-deficient male 
rats appeared, however, to be increased when compared Avith normal 
glands, as originally shoAvn by Nelson [1933]. When hypophyseetomized 
rats Avere used as test animals it was found that Avhen the dosage of 
pituitary gland administered was such that only slight ovarian groAvth 
took place the E-deficient rats’ pituitaries caused greater stimulation than 
those from normal rats, an observation that seems to confirm that of 
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McQueen-WiUiams [1934]. When the dosage was increased it was noted 
that the gonadotrophic hormone content of the pituitaries decreased as 
the length of E-deprivation increased. Also, the luteinizing activity of the 
pituitaries appeared to diminish, as previously noted by Rowlands and 
Singer [1936], An alteration in the relative amounts of follicle and luteiniz- 
ing hormone content in the pituitary might explain the difference in the 
results obtained using small and large doses. When the luteinizing activity 
of the extract becomes reduced the stimulated ovaries are small and with- 
out corpora lutea. 

Vitamin E, when administered either orally or by injection, to immature 
rats or to hypophysectomized adult females, was devoid of any activity 
on the gonads, vagina, or pituitary gland. Claims that vitamin E possesses 
oestrogenic activity [Szarka, 1929] or gonadotrophic activity [Verzar, 
1931, Underhill, 1939] were not confirmed in the experiments recorded. 

When female rats deprived of vitamin E were treated with pregnant 
mare serum extract it was found that the ovarian response was essentially 
normal. Attempts made to prevent resorption in pregnant E -deficient 
rats by the administration of various extracts and hormones were, how- 
ever, all unsuccessful. The observations of Evans [1932] that implantation 
of fresh pituitary tissue, and of Diakov and Krizenecky [1933 6] that injec- 
tions of Prolan A, do not enable pregnant E-deficient females to produce 
living litters have been confirmed. Male E-deficient rats were found to 
respond to pregnant mare serum extract by a stimulation of the interstitial 
cells of the testes. Wliereas neither vitamin E nor what appeared to be 
appropriate forms of hormone therapy were found to be effective in 
preventing tubular degeneration, the interstitial cells were readily stimu- 
lated even in hypophysectomized E-deficient animals. 

From a consideration of the results obtained it appeared very unlikel}'’ 
that the effects of E -deprivation could be explained by an alteration in 
function of the anterior pituitary gland, the slight changes recorded being 
m all probability related to a secondary effect on the pituitary. Shute 
[1935 a, 1935 6, 1936, 1937] has advocated an alternative theor^’^ that 
deprivation of vitamin E brings about a disturbance in the balance of the 
hormones which regulate the gonads and sexual cycle. On evidence which 
appears to us inadequate he has expressed the opinion that the blood of 
rats suffering from E-deprivation, or of women in certain conditions 
believed to be due to lack of E, contains an excess of an oestrogen. A 
ailure to confirm the experimental work on which this claim is based 
onus the subject of another communication [CXithbertson and Drummond, 
939], but meanwhile, it is of interest to consider how far such an hypo- 
thesis is compatible with established facts. 

10 dominant influence of an oestrogen might be held responsible for 
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the termination of at least one pregnancy and it niiglit also provide what 
at first sight would appear to be a fairly satisfactory explanation of the 
significant retardation of the later stages of growth and the testicular 
degeneration in male rats seen in E-deficiency [Noble, 1938], Other evi- 
dence is, however, much too strong to permit the unqualified acceptance 
of Shute’s view. An excess of an oestrogen in the circulating blood, presum- 
ably becoming more marked as the condition of E-deficiency is prolonged, 
would not permit a long scries of pregnancies, each apparently quite 
normal in its earlier stages, such as is showji by the E-deficient rat. A 
relatively small amount of an oestrogen is required to prevent implantation 
in the rat, but large doses do not disturb an established pregnancy [Parkes, 
Dodds, and Noble, 19.38]. IMoreover, an excess of oestrogen would in- 
evitably cause disturbances of the oestrous cycle, such as are not seen in 
E-deficient female rats. Also, the Aveight of the ovaries is not decreased 
and that of the adrenals or pituitaries not increased as would be expected. 
Finally, it is quite clear that the character of the testicular degeneration 
in E-deficiency, as shown in Plate I, Fig. 1, which as iilason [1933] and 
others have emphasized is quite unique, differs materially from that 
seen after prolonged administration of oestrogens (Plate II, Fig. 4) and 
also, it should be noted, from that observed in tlie normal rat after hypo- 
physectomy (Plate II, Fig. 5). 

Perhaps the most striking fact about the testicular degeneration in 
E-deficiency is its irrejiarable character. And a long series of failures to 
induce regeneration of spermatogenesis is recorded in the literature (see 
revieAV by Mason [1939]). The more one considers the condition of the 
male rat suffering from prolonged E-deficiency, the more does it appear 
that the primary lesions are in the spermatogenic cells. Several years ago 
Mason [1933] suggested that vitamin E may be primarily concerned Avith 
maintaining nuclear activity and, perhaps, chromatin formation. His vieAv 
is compatible Avith the striking differences between the male and tlie 
female animal suffering from E-deficiency, and it also provides a more 
convincing explanation of the failure of the female to carry pregnancies to 
a successful termination than does any theory Ave haAi'e considered in Avhich 
a disturbance of hormone balance produced by a lack of vitamin E is held 
as being primarily responsible for the changes associated Avith the vitamin 
deficiency. 


Summary 

Vitamin E Avhen administered to immature female rats or to hypo- 
physectomized adult female rats did not exert any effect on the ovaries, 
uterus, or vagina. 

The pituitary glands of E-deficient male rats Avere found to contain an 
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increased amount of gonadotrophic hormone. Glands from E-deficient 
female rats showed a decreased amount of luteinizing hormone when 
tested on immature hypophysectomized rats. 

The ovaries of E-deficient female rats responded normally to extracts of 
pregnant mare serum. In male E-deficient rats such extracts produced 
only stimulation of the interstitial cells of the testes, and did not affect 
the degenerated tubules. Hypophysectomy of male E-deficient animals 
was followed by a further decline in weight of the testes. In such animals 
pregnant mare serum stimulated only the interstitial elements of the testes. 

The suggestion that the effects of vitamin E deficiency are produced 
by a hormonal imbalance is not supported by the experimental evidence 
aescribed. 
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PLATE I 



Fio. 1. Section of testis of E-deficient rat after 12 months on diet. Testis removed at 
operation for h 3 ^ophysectomy. X 120. 

















EFFECT OF SUBCUTANEOUS IMPLANTATION OF 
ADRENALIN TABLETS ON BLOOD-SUGAR AND 
MILK COMPOSITION IN LACTATING RUMINANTS 
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From ike National Institute for Research in Dairying, University of Reading 
{Received 17 August 1939) 

A VERY prolonged eflfect of certain hormones can be obtained by the sub- 
cutaneous implantation of a compressed tablet of undiluted, crj^^stalline 
substance [Deanesly and Parkes, 1937], This technique has proved to be 
specially useful with oestrone and testosterone, or testosterone propio- 
nate, and effects lasting many months can be obtained from a single 
administration. The great efficiency of the method seems to be due to 
slow and even absorption over a long period, so that the alternation of 
wasteful excess and sub-threshold concentrations, such as is often produced 
by the daily injection of solutions, is avoided. In considering whether such 
a technique could be usefully applied to other hormones it was reasonable 
to take account of adrenalin, the most rapidly acting and quickly destro3"ed 
of the hormones. Further, of the various physiological responses to 
adrenalin, that of the blood-sugar seemed the most promising for investiga- 
tion of the effects of prolonged action. It is well knowm that a single 
intravenous inj'ection of adrenalin produces only a small and temporary 
increase in blood-sugar as compared with that which can be obtained b^^ 
the continuous intravenous perfusion of the same total amount [Cori, 
Cori, and Buchwald, 1930 a]. Subcutaneous administration, admitting of 
slower absorption and more jirolonged action, results in a considerable 
increase in the blood-sugar (and lactic acid) which way last for several 
hours [Cori and Cori, 1929J. The possibility’’ of further retarding the 
absorption of subcutaneously’ administered adrenalin has been investigated 
by' Kohn and Bulger [1037], who found that the addition of small amounts 
of zinc sulphate to the solution decreased the maximum blood-sugar 
resulting from the injection, but increased the time over which an increase 
could be detected. With a larger quantity of zinc sulphate, absorption was 
iiO delayed that little eflect was observed. 

In view of these results we have investigated the po^.-ibility* of ad- 
iniuLtering large amounts of adrenalin in the form of a compressed tablet 
of the pure substance inserted sul)cutaneou:?ly, in thc]iu]>e that an effective 
i>tipply would be abiurbed from Mich a de]iOt, not merely for a few liour.-. 
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bub for several days. About a year after the experiments recorded in tius 
paper began, Keeney, Pierce, and Gay [U)39] reported prolonged hyper- 
glycaemia (8 or 9 liours duration) in humans following injections of 
suspensions of adrenalin in oil. 

The possibility of maintaining, by implantation of the solid liormone, a 
high blood-sugar over a prolonged period suggested an extension of the 
experiment. It is known that in lactating cows a low blood-sugar over a 
long period is associated with a decrease both in the amount and the 
lactose content of the milk [Gowen and Tobey, 1931] and, conversely, it 
has often been assumed that during a long period of raised blood-sugar 
the yield and the lactose content of the milk would rise. As yet, however, 
a satisfactory method of raising the blood-sugar in farm animals over a 
long period does not seem to have been evolved. The temporary increase 
in blood-sugar by oral or intravenous administration of glucose to cows 
sometimes causes a very temporary increase in milk lactose, but has not 
been shown to increase the milk yield [VVhitnah, Riddell, and Hodgson, 
1933; sec also Kitzescu’s [1925] work on the goat]. Indeed, Brown, 
Petersen, and Gortner [193G] found that intravenous injections of sugars 
into lactating cows caused hypoglycaemia possibly due to increased 
secretion of insulin. These authors concluded that intravenous injections 
of sugars wei’e of doubtful value in studies of lactose synthesis. It seemed, 
therefore, that while exjoeriments were being carried out on massive dosage 
with adrenalin in tablet form, it would be useful to use lactating farm 
animals in which both the yield and composition of the milk could be 
determined simultaneously with blood-sugar changes. Experiments have, 
therefore, been carried out on lactating goats and one cow. 


Methods 

Adrenalin was used in the form of the free base (B.D.H. Adrenaline). 
The physical properties of this powder seemed at first to be quite unsuited 
to the preparation of tablets of sufficient size and solidity. It was found, 
however, that jamming of the pellet press by the powder could be pre- 
vented by coating the die with a thin film of oil ; in this way hard, polished 
tablets, up to 200 mg. in weight, were produced from a standard hand 
pellet press. Implantation into the animals was carried out under local 
anaesthesia (Percaine — 5 c.c. of a 1/1000 solution intradermaliy and sub- 
cutaneously) by making a small incision through the skin, the wound 
being closed with two stitches. Doses up to 496 mg. of adrenalin were 
administered at one time by this method. Contrary to expectations, 
there was no local reaction, and despite the probable occurrence of local 
vasoconstriction the material was absorbed in the course of time without 
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any complications except in one case in which there was sloughing from 
a small area. 

In the experiments on goats, arterial blood samples were obtained from 
exteriorized carotid loops. In the cow, arterial and venous blood samples 
were taken approximately simultaneously from the internal iliac artery 
and the mammary vein by the method of Graham, Kay, and McIntosh 
[1936]. In aU experiments save one, a series of samples was obtained 
without difficulty from the carotid loops, but only three successive samples 
could be obtained from the iliac artery (see below). Since fasting blood- 
sugar values could not be measured because (a) of the difficulty of empty- 
ing the alimentary tract of a ruminant, and (6) starvation would interfere 
with lactation, blood samples were, as far as possible, taken at the same 
time of day throughout any one experiment, except that in some experi- 
ments an additional sample was taken shortly after the tablet was im- 
planted. Determinations made during the control periods show that in 
our animals the blood-sugar values so determined varied very little from 
day to day. 

All animals were milked twice daily, at 8.0 a.m. and 3.30 p.m. 

Blood-sugar in experiments 1, 3, 4, and 5, and milk lactose, fat, and 
non-fatty solids, were estimated by the various methods listed by Folley 
and Young [1938]. In experiments 2, 6, and 7 blood-sugar was determined 
in tungstic acid filtrates by what was essentially the Hagedorn-Jensen 
method. Since it is well known that blood lactic acid is increased by 
adrenalin treatment, and since recent evidence suggests that lactic acid 
may be a precursor of lactose (see below), blood lactic acid was determined 
in experiments 4 and 5 by the method of Avery and Hastings [1931] and 
in experiments 2, 6, and 7 by Lohmann’s [1928] method. 

Results 

Experiment L Experiment 1 was carried out on goat Ar. which liad been 
6 months in milk and weighed 90 lb. The milk yield was approximately 
constant in the period preceding the experiment at about 27 oz. daily. 
Observations were made on blood-sugar, lactose (morning milk only), fat, 
and non-fatty solids, and milk yield. A tablet of adrenalin weighing 
‘lS-6 mg. was implanted at 12.30 p.m. on G January 1938. The observa- 
tions showed a sharp rise in blood-sugar from the control level of 62-5 mg. ® 
so that by 3.30 p.m. on 7 January nearly 100 mg. % w;is found (Fig. 1). 
On the following day, 40 hours after implantation of the tablet, the 
value, 83 mg. was still high. At 68 hours after implantation the 
blood-sugar value was nearly down to normal. The lactose jKTcentage 
ni the milk showed a definite but temporary ri:^e corresj>onding to that 
of the blood-sugar. The milk yield was steady for 2 days after the 
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implantation, but was afterwards irregular with a tendency to fall. 
The results indicate that there was no significant change in the daily fat 
percentage, but that the non-fatty solids showed a slight rise after the 
implantation. 

oz 



Fia. 1. Goat Ar. (experiment 1). Adrenalin tablet implanted at f . 

Note . — In all figures the following conventions have been adopted : 

(o) Each day begins and ends at midnight indicated by the numerals. 

(6) The results of blood analyses are shown at tho hours at which the samples were taken, 
(c) Except where otherwise stated, daily milk yields are entered at noon, i.e. midway 

between the a.m. and p.m. milkings. 

Experi77ient 2. Experiment 2 was carried out on goat Ar. when lOi 
months in millc. The daily milk yield was rising slowly at the time of the 
experiment. Lactose, fat, and non-fatty solids were determined in compo- 
site samples made each day by combining samples of milk obtained that 
morning and the previous evening in proportion to the yields. Blood-sugar 
and lactic acid were also estimated at suitable intervals, except that on 
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the second day after adrenalin administration it was unfortunately not 
possible to obtain a blood sample. After a control period of 6 days, a 


DAILY MILK YIELD 







M&/4 arterial blood lactic acid 



DAYS 

Fig. 2. Goat Ar. (experiment 2). Adrenalin tablet implanted at f . 

In ihU figure milk yicUis and lactoso percentages are entered at midnight, 
the lactose being detennined on compo,>ate .samples of pan. and a. in. indk, 

nig. tablet of adrenalin was implanted at 4.30 p.ni. on 19 June 
1939. Eighteen hours later the blood*siigar was markedly rai.-ed above 
normal but had returned to normal 4S hours later (Fig. 2). Blood 
bictic acid ^howed no rise in this ex]:x.*riment. It is possible, however, 
that the blood lactic acid had rben and returned to normal before 
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the second post-implantation blood sample was taken, since Cori et al. 
[1930 6], in the rat, reported that the rise in blood lactic acid following 
adrenalin injection had disappeared when the blood-sugar Avas still high. 
Milk lactose content showed a temporary rise coincident with the high 
blood-sugar. The milk yield dro[)[)cd sharply after the implantation, 
to such a degree that the total daily out[)ut of lactose was reduced, 
and slowly returned to its previous level. There was a slight post- 
implantation rise in non-fatty solids but no significant change in milk 
fat content. 

Similar results as to the temporary rise in milk lactose and non-fatty 
solids and fall in milk yield were obtained in another experiment with the 
same goat (experiment 3), but on this occasion blood samples could not be 
obtained from the carotid loop. 

Experiment 4. Experiment 4 was carried out on goat Na. (approx. 
100 lb. in weight) which was Ij months in milk. The milk yield was rather 
irregular in the period preceding the experiment, but averaged about 
GO oz. daily. Observations were made morning and evening on the milk 
yield and on the percentage of non-fatty solids, fat, and lactose. Ov^er the 
greater part of the experiment blood-sugar and lactic acid were also 
estimated, and determinations of these quantities were begun 5 days 
before the experiment was started. A tablet of adrenalin Aveighing ul-3 mg. 
AA'as implanted at 2.45 p.m. on 10 Maj'- 1938. As shown in Fig. 3, the 
observations indicated a great increase in the blood-sugar on the da}'^ alter 
the implantation. The value Avas still raised slightly'- on the second da}', 
45:[ hours after implantation. Blood lactic acid Avas also someAvhat 
increased. There Avas a temporary increase in the percentage lactose 
in the milk, associated Avith the rise in blood-sugar and lactic acid. 
Since there Avas no immediate change in milk yield the implantation 
resulted in an increase in the total daily yield of lactose, a ditferent 
result from that obtained in experiments 2 and 3. The percentage of 
milk fat Avas unchanged, Avhile non-latty solids shoAved a temporary 
rise. 

Experiment 5. It seemed of interest to determine Avhether or not the 
results obtained Avith goats could be duplicated in a coav. Accordingly, 
experiment 5 Avas carried out on coav Bl, Aveighing about 900 lb., and 
3 months in milk. The coav Avas at the peak of the lactation curve Avith 
the milk yield constant at about 27 lb. daily. Milk fat, non-fatty solids, 
and lactose percentages Avere determined on samples from each milking, 
beginning 2 days before implantation of the adrenalin tablet. Blood-sugar 
and lactic acid Avere determined in arterial aird mammary A'enous blood 
samples. At 4.30 p.m. on 2 February 1938 tablets of adrenalin amounting 
to 496 mg. Avere implanted. There Avas a rise in arterial and mammary 
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venous bloocl-sugur and lactic acid on the day after implantation (Fig. 4). 
The percentage milk lactose also showed a vise on the day after implanta- 
tion (Fig. o). There was an immediate fall in milk yield. The daily fat 
percentage rose, but there was no change in the daily percentage of non- 
fatty solids. There was a fall in both the daily yield of non-fatty solids, and 
also in that of lactose, due to the fall in milk yield. In other words, the 
decrease in the milk yield more than outweighed the rise in the percentage 
lactose. Further, the rise in fat percentage was not sufficient to cause a 
rise in total daily fat production. 

It was hoped to obtain information about the uptake of glucose and 
lactic acid by the mammary gland from comparison of the analyses of the 
arterial and mammary-venous blood samples. Unfortunatel}^ it Avas not 
found possible' to take more than three arterial samples by the technique 
used, and of the.se three the last Avas obtained too long after the A’^enous 
sample to permit satisfactory comparison [see Graham et al, 1936]. On the 
day after inqjlantation the uptake of glucose A\'as apparently almost un- 
changed, Avhile that of lactic acid Avas trebled, but these findings require 
confirmation. The figures for A'enous blood, hoAA'ever, should be reliable. 

Exjierimenl 6 (Control). Control experiments Avith both goats Avere 
considered advisable in order to estimate the effect of the implantation 
technique on blood and milk composition. Therefore, after a suitable 
control period in Avhich observations Avere made as before, a 44-mg. 
tablet of paraffin Avax Av-as subcutaneousl}’^ implanted at 12.30 p.m. on 
26 March 1939 into goat Ar. At this time she had been 74 months in 
milk. The values for blood-sugar and lactic acid, milk yield and lactose 
content are given in Fig. 6. It is seen that in this experiment the implanta- 
tion of an inert tablet Avas folloAved by a drop in milk yield of about 
the same magnitude as in tAVo of the three adrenalin experiments 
Avith this goat, indicating that in this animal, Avhich is rather excitable, 
the drop in milk yield folloAving adrenalin Avas due to the disturbance 
associated Avith the implantation rather than to a specific effect of the 
hormone. 

Experment 7 (Control). The results of an experiment Avith goat Na. 

(5 Aveeks in milk) in Avhich a 43-mg. Avax tablet Avas implanted at 4.30 p.m. 
on 19 June 1939 are given in Fig. 7, In this experiment lactose Avas deter- 
mined in composite milk samples as in experiment 2. This animal is more 
placid than goat Ar., and in this case it is clear that the implantation had 
no effect on milk secretion. This result is significant in vieAv of the fact 
that adrenalin implantation Avas not folloAved by a drop in milk yield in 

* On successive occasions it became increasingly difficult to feel the internal iliac artery 
through the rectal wall, probably because of the formation of haematomata after previous 
punctures. 
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Fig. 6. Goat Ar. (experiment C, control). ParafHn-wax tablet implanted 
at . Results of lactose determinations are entered at the time at which 
the samples were taken. 

this goat and supports the view that adrenalin itself does not decrease 
millc yield. 

Discussion 

These experiments in the first place indicate that the tablet implantation 
technique of Deanesly and Parkes [1937] is useful in the case of adrenalin. 
In all cases the results showed that implantation of sohd adrenalin was 
followed by hyperglycaemia of long duration which, in the most favour- 
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able cases (experiraents 1 and 4), amounted to at least 42 hours. Unfortu- 
nately, close estimates of the duration of the hyperglycaemia can in no 
case be made since it was not considered advisable to puncture the exterior- 
ized carotid arteries more frequently than once a day. None of the animals 


oz. 




DAYS 

Fio. 7. Goat Xa. (experiment 7, control). ParafTin-wax tablet implanted 
at I . In thia figure milk yields and lactose percentages ore cntcitAi at 
midnight, tho lactose being determined on composite samples of p.ra. and 

a.m. milk. 

died from ‘adrenalin shock’ [see Wyman and turn Suden, 1939], though 
m a preliminary experiment to test this point, implantation of two 25-ing. 
tablets at intervals of an hour resulted in the death of the goat (a virgin 
female) G days later. 

Graham, Jones, and Kay [193G] found that, in normal cows, the fall 
in sugar content of blood on passing tlirough tho mammary gland was 
positively correlated with tho sugar-level of the arterial blood and aLo, 
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tiiovigii this is less cortiii/i, with the milk yield. The work of G'oweu and 
lobey [19. UJ and otliers on the clTcots of inanition, and administration 
ot insidin or phlorid/.in indicates tliat a lowering of the blood*sugar level, 
lion c\ or pioduccd, leads to a iall in milk yield and a diminislicd lactose 
content. It is, thercloro, attractive to speculate that blood-sugar is a 
limiting factor in milk secretion and that if the b]ood-.sugar level could be 
raised for a sulliciently long period a rise in milk yield would result. At 
the same time an increased lactose content might be expected. 

In our o.xperiments, in which the blood-sugar level was raised for many 
hours, the .second expectation was realized but not the first. In every case 
the lactose percentage rose, but the milk yield did not increase: in thi’ee 
experiments, in fact, it fell sulliciently to outweigh the increased lactose 
content, so tliat the total daily lactose out[)ut was reduced. The control 
experiments indicate that this was not due to some other phj’siological 
ollect of adrenalin but rather to trauma associated with the implantation. 
There were no uniform changes in milk fat-content which could be ascribed 
to the adrenalin implantation, but in most experiments a temporary rise 
in non-fatty solids content occurred, which calculation showed was due 
to the increase in lactose content. 

In two of the three experiments in wliich blood lactic acid was estimated 
it was found to increase coincident!}^ with blood-sugar and milk-lactose 
percentages, Tlie absolute lactose production also increased in experiment 
4. These findings might bo interpreted as giving indirect support to 
Graham's [1937] view that both glucose and lactic acid are utilized by 
the mammary gland for the synthesis of lactose, though, on the other 
hand, it might be argued that they are equally consistent with the classical 
theory of the origin of lactose from the blood-sugar alone. In experiment 5 
it would appear that, although the absolute output of lactose fell, the 
gland took up much more lactic acid after the adrenalin implantation, 
while the glucose uptake was unchanged. This anomalous result is open 
to suspicion, since the last arterial blood sample was not obtained Avithin 
the requisite time. The venous samples, however, were obtained quickly, 
and these showed an appreciable rise in glucose and lactic acid, thus 
confirming the results of experiment 4. 

In passing, it may be noted that the normal values for the arterial 
blood lactic acid of the lactating goat determined during the control 
periods in these experiments are very much lower than values reported by 
Houchin, Graham, Peterson, and Turner [1939], which for 28 samples 
ranged from 21-29 to 134-30 mg. % Avith a mean of 53-88 mg. %. Our 13 
determinations ranged from 6-4 to 15-0 mg. % and averaged 8-56 mg. %, 
results of the same order as for human venous blood [e.g. Long, 1924J. 

It is of some interest to find that prolonged hyperglycaemia, under the 
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conditions of these experiments, in favourable circumstances, i.e. 

when the trauma of implantation does not lower the milk yield, lead to an 
increase in lactose secretion but not to an increase in the volume of milk 
secreted. Blood-sugar and possibly lactic acid therefore appear to be 
limiting factors in lactation as far as lactose sjmthesis is concerned, but 
as regards the volume of fluid secreted in unit time by the mammary 
gland the position is probably complicated by alterations in the blood- 
supply due to the action of the adrenalin. 

Su^niABY 

1. By the subcutaneous implantation of adrenalin tablets into goats and 
a cow, hyperglycaemia was maintained for many (in tAVo cases for at least 
42) hours. 

2. Blood lactic acid rose appreciably during the same period. 

3. Coincidently, the percentage of lactose in the millv Avas raised. 

4. In no case Avas the milk yield increased, Avhile in three experiments it 
fell, evidently because of trauma associated Avith the implantation. 

5. No uniform effects on millc fat Avere found, but there Avas a tendency 
for the non-fatty solids content temporarily to increase. 

6. It is incidentally recorded that the arterial blood lactic acid in the 
normal lactating goat ranged from 5*4 to 15*0 mg. %. 

We are much indebted to Prof. H. D. Kay and Dr. A. S. Parkes for 
their interest in this AA^ork and to the latter for making and supplying 
the adrenalin tablets. We also desire to thank Dr. G. W. Scott Blair 
for determinations of milk fat and non-fatty solids. 
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THE UTERUS MASCULINUS OF THE RABBIT ANE 
ITS REACTIONS TO ANDROGENS AND OESTRO 

GENS 

Bv RUTfl DEANESLY 

National Institute for Medical Research, London^ iV.ir. 3 
{Received IS August 1939) 

1 iiH iitci us iniisculinus of the uclult nibbit is a lurgc biJobed sue lying behind 
the bludder j it opens into the prostutic portion of the uretlira und is lined 
b}’’ a complex epithelium [Plate I, Fig. IJ. The degree of complexity varies 
in different breeds of rabbits, and of those studied the Himalayan shows the 
most liighly developed epithelium. In this breed, complexity of the epi- 
thelium is comparable to that seen in the progestational rabbit uterus, 
though it is clearly difierent in nature and development. Hiitt [1927], 
who discusses the earlier literature, gives an excellent description of the 
uterus masculinus. Some doubt exists as to its embryological origin in 
the rabbit. Kolliker [1879] and other nineteenth-century embryologists 
found that the Mullerian ducts tended to atrophy in the foetus, although 
traces of them might occasionally persist. Hiitt concludes that it is on the 
whole unlikely that the uterus masculinus is of Mullerian origin. Mihal- 
covics [1885] considered that it develops mainly from the Wolffian ducts. 

Schaap [1899] first observed the effects of castration on the uterus mas- 
culinus in two rabbits ; lie states tliat castration causes a decrease in the 
size of the organ. Hiitt [1927], in a further investigation of castration 
changes, showed that in addition to shrinl^age there .was involution of the 
epithelium to a single layer of dense-staining cells. X-irradiation of a 
rabbit, causing destruction of the seminiferous tubules, did not produce 
castration changes in the uterus masculinus, so that apparently its main- 
tenance depends on the interstitial cells of the testis. Courrier [1934] and 
Seeman [1937], following earlier workers, have shown that crude testi- 
cular extracts, especially from pigs, have an oestrogenic as well as an 
androgenic action; experiments were therefore started to determine the 
effects of different sex hormones on the uterus masculinus of immature 
and castrate rabbits, and to ascertain under what conditions full growth 
of the organ could be pz'oduced in the castrate. 

Apart from the question whether or not the uterus masculinus of the 
rabbit should be regarded as an heterosexual rudiment, it seemed interest- 
ing to compare its reaction to hormones with that of the uterus mascu- 
linus in other species. Zuckerman [1936] and Zuckerman and Parkes 
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[1936 a, 6] discuss the effects of oestrogens and androgens on the male 
reproductive tracts of different primates. Courrier and Cohen-Solal [1936] 
and Laqueur [1936] refer to the changes in the uterus masculinus of the 
guinea-pig after castration and to the comification of the epitheUum 
caused by oestrogens. Laqueur notes that the reaction of the uterus 
masculinus is slighter in uncastrated guinea-pigs; this agrees with the 
experimental evidence (Zuckerman and Parkes, 1936 a) that androgens 
tend to inhibit the reaction of the uterus masculinus to oestrogens. 

Methods 

The male rabbits tised were mostly Himalayans, but included jome of 
other breeds. Sex hormones and testicular extracts were given either as 
subcutaneous injections in oil or, in the case of pure substances, as com- 
pressed tablets implanted under the skin, with aseptic precautions, under 
ether anaesthesia. Deanesly and Parkes [1937 6, 1938] have shown that 
this may be an effective method for the administration of steroid sex hor- 
mones. It was originally thought, however [Klein and Parkes, 1937], 
that less wastage of sex hormones administered by injection occurred in 
the rabbit than in the rat, and in aU the earlier experiments recorded in 
this paper the hormones were administered as subcutaneous oil injections. 
Tablets of hormone were weighed to the nearest mg. or tenth of a mg. 
before implantation, and dissected out, dried, and reweighed at the end 
of the experiment, so that the amount absorbed by the rabbit could be 
determined. 

Epithelial Development of the Uterus Masculinus in the Normal and in the 

Cryptorchid Rabbit 

The uterus masculinus was examined histologically in 9 normal rabbits, 
^ Dutch, 2 Lops, and 4 Himalayans; of these 2 Dutch and 2 Himalayans 
were immature. In Himalayans weighing 1,100 g. and 1,340 g. the uterus 
masculinus is fairly large, though it has not quite reached its adult size. 
The epithelium, however, shows little or no glandular development, and 
over a great part of the surface it is onl}^ single-layered, as after castra- 
tion. The uterus masculinus of the smallest immature Dutch rabbit 
(900 g.) had an epithelium single-layered in parts, but elsewiiere having 
projecting papillae of irregular columnar cells, though no glandular in- 
vaginations had been formed ; at 1,100 g. another Dutcli rabbit had a glan- 
dular epithelium resembling that of the adult, although not fully developed. 

It seems clear, therefore, that the uterus nuisculinus only gra<Iually 
reaches its full development in the normal rabbit and that it grows in .‘^ize 
before the epithelium starts active proliferation. Hutt [1927] gives the 
dimensions of the organ in the adult as 3*5 cm. in length and 1*5 cm. in 
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width. No luoasmeinents were mado during the present work as it w. 
cib.served that tiio organ underwent .shrinkage during dissection and ( 
li.Kutiun. 

■Lho condition ot tiio uterus niaseulinus was examined in two cryptorchi 
Itimalayan rabbits. From each of these animals one immature testis w{ 
iemo\ed w hen the body-weight was SOO g., while the other testis was witl 
drawn into the abdomen and attached to the abdominal wall. Thes 
rabbits were killed KIO and 203 days after operation and weighed 1,520 < 
and 1,/SO g. In neither case was the uterus masculinus of normal size, nc 
was the e[)ithelium fully developed, although the prostate was conspicuou 
and showed no castration ellects. In view of lEiitt’s finding that the condi 
fion of the uterus masculinus appeared to depend on the interstitial cell 
of the testis, this was an unexpected result. A possible explanation is tha 
more secretion is recpiircd to maintain the uterus masculinus than to main 
tain the prostate, and that the one surviving cryptorchid testis wa.‘ 
inadecpiate for the purpose. 

The PJffecl of Ocstrofjens and Androgens on the Uterus Jilasculinus of A^orniai 

Adult and Immature Rabbits 

Three old male rabbits, 1 Himalayan and 2 Lops, were each given a 
single injection of 2 mg. oestrone benzoate in oil, a preparation which, 
owing to its slow absorption, exerts a gradual effect on the organism for 
a considerable period. These rabbits were killed respectively 13, 20, and 
33 daj's after injection ; the uterus masculinus appeared normal and sliowed 
neither breakdown of the epithelium nor metaplasia of the glands. 

A further experiment was carried out in wliich two tablets of oestrone 
weighing 80 mg. and 90 mg. were implanted subcutaneous^ in an adidt 
Himala^^an male rabbit, which was killed 40 daj's later. Since prolonged 
treatment with oestrogens in tablet form inhibits the gonadotrophic secre- 
tion of the pituitary gland in rats [Deanesly, 1939], it was thought that 
degeneration of the testes would occur and that this v'ould affect the 
accessory sexual organs. If the uterus masculinus depended primarily for 
maintenance on an oestrogenic I'ather than on an androgenic secretion, 
then it might remain normal and not revert to the castrate level. Actually 
it was found at autopsy, as expected, that after the absorption of 5 mg. 
oestrone the testes were shrunken and flabby, while the uterus masculinus 
was large ; its epithelium, however, was of a type not before seen, less com- 
plex than the normal, though far better developed than in the castrate. 
Since it contained abundant leucocytes, it probably represented a stage 
of regression from the full, normal proliferation. 

Other expei’iments were carried out on immature rabbits with mainly 
negative results. Five Dutch rabbits averaging 815 g. received 15 fig. 
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oestrone in 7-5 c.c. nut oil over o days ; the uterus masculinus showed no 
appreciable reaction. A larger Dutch rabbit, 1,400 g., received 60 />tg. 
oestrone over 5 days, and here too the uterus masculinus, already fairly 
well developed in the control animal, seemed unaffected. 

Five tablets of oestrone totalling 66 mg. w'ere implanted subcutaneously 
in an immature Himalayan rabbit, which was killed 28 days later. The 
uterus masculinus at death was large, but the epithelial proliferation was 
very slight and did not approach the adult condition. These results indi- 
cated that oestrone could enlarge or maintain the size of the uterus mascu- 
linus, but could not stimulate the production of an adult epithelium in a 
normal immature animal. 

In later experiments 2 immature male rabbits, 1 Himalayan and 1 
Dutch, weighing about 800 g, at death, received testosterone tablets of 
44 mg. and 29 mg. respectively for 30 and 37 days. About one-third of the 
tablet was absorbed in each case, but neither rabbit showed anything 
approaching an adult uterus masculinus, although each prostate had 
responded to the male hormone. The uterus masculinus showed some in- 
flation, but the epithelium was comparatively undeveloped. 

The Effects of Injection of Oestrogeris, Androgens, and Other Substances on 
the Uterus Masculinus of the Castrated Rabbit 

Effects of injections. Simultaneously with the experiments already des- 
cribed, others were carried out on castrated rabbits. Most of these were 
castrated as immatures; Hiitt’s observation that the epithelium of the 
\itcrus masculinus remained undeveloped was confirmed and it was noted 
that urethral epithelium tended to invade even the anterior regions of the 
^rgan. Plate I, Fig. 2 shows part of the uterus masculinus of a Himalayan 
rabbit castrated when immature and killed 6 months later. Immature 
castrate rabbits were injected with oestrone at varying periods after castra- 
tion. Two Himala 3 'ans received 100 /ig. and oOO pg. oestrone respectively, 
given in r> oil injections over 10 days, and another Himalayan received 
600 pg. in :jo daily injections. These animals were compared witli a cas- 
trated control belonging to the same group, and it was found that oestrogens 
had caused the shrunken uterus masculinus of the castrate to grow to its 
normal si/.e, but had failed to stimulate the production of a normal epi- 
thelium. There was enlargement of the muscular wall of the uterus mascu- 
hnus and congestion and oedema in the sub-epithelial ti>.-ues, but the 
epithelium showed only slight growth of the type illmtrated in Plate I, 
I'ig. 3, nut unlike that found in tlie normal immature rabbit. Larger du.^e.'> 
'if Oestrone, 0*1 mg, daily for 1 1 days and mg. daily fur 10 days (Plate !• 
3). gave similar re>ults in two other castrate Himalayan^. 

A >ecoiul group of ca.-,trate rabbits received injcctiuivs of tc.-.to.'>leroiie 
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or tcHtostcrono propionate in oil; 0 mg. and 10 mg. of testosterone pro- 
pionate in oil u'cro given over I0*clay periods to Himalayans, and 7*5 ing. 
of testosterone over .10 days to a Lop rabbit. In none of these animals did 
the utci us masculinus show any enlargement or alteration from the castrate 
typo. Iii.\periinents on two other castrated rabbits showed that combina- 
tions of oestrono and testosterone, given either simultaneously or succes- 
sively, produced results similar to oestrono injections alone. It was 
thought, after these c.\pcriments, that the epithelium of the uterus mas- 
culinus might depend on some hitherto undiscovered oestrogenic substance 
in the testis, and an attempt was made to restore castration changes in a 
series of 8 Himalayan rabbits by different fractions of pig testis extract 
PT-lC, injected in oil for periods varying from M to 30 days. This is an 
extract with comparatively strong oestrogenic, but weak androgenic action 
[Emmens and Parkes, 1938]. Most of the fractions enlarged the uterus 
masculinus. and the crudest of them stimulated the production of a 
thickened epithelium, perhaps indicating the beginnings of glandular 
develo[)mont, but in no case was anything approaching a normal adult 
epitlielium formed. 

A further test was carried out with Pa;is-androstenediol, an artificially 
produced substance known to have both oestrogenic and androgenic pro- 
perties [Butenandt, 1930; Deanesly and Parkes, 1937a; Emmens, 1938J; 
the castrate rabbit was injected daily and received 27-5 mg. over 11 days, 
but the uterus masculinus showed only a very slight oestrogenic response. 
Another rabbit received a combination of 150 /xg. of oestrone given over 
0 days followed by 2 mg. of progesterone over 5 days, but the latter sub- 
stance appeared to have no effect on the uterus masculinus. 

The most striking feature of these results was the failure of testosterone 
or testosterone propionate to affect the uterus masculinus, although pre- 
vious expei’iments had shown that a dose of 20 mg. of testosterone would 
cause growth of the immature rabbit uterus [Deanesly and Parkes, 1937 a], 
in spite of its weak oestrogenic action in the rat. Since it was known that 
methyl testosterone showed a progesterone-like activity in the female 
rabbit [Klein and Parkes, 1937], the effect of tliis substance on the uterus 
masculinus was next examined. 

Effects of tablet administration. Methyl testosterone was implanted 
subcutaneously in the form of compressed tablets (Table I), and it was 
found that in castrated rabbits they caused striking proliferation and 
growth of the uterus masculinus. Testosterone also produced marked 
effects by the same method of administration, and, since the injection of 
10 mg, of testosterone propionate produced no reaction in the uterus mas- 
culinus, it must be assumed that injected andi'ogens are liable to wastage 
in the rabbit and that the dosage was too low. Three experiments were 
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carried out with tablets of methyl testosterone in which the amounts 
absorbed were 25, 27, and 18 mg. during 40, 20, and 15 days respectively 
{Table I). Examination of sections through the uterus mascuhnus from 

Table I, Implantation of male hormone tablets into castrate rabbits 




Amount 


Total 



implanted 


absorbed 

Xo. 

Substance 

rag. 

Days 

mg. 

QOM 50 

Methyl testosterone 

101 

40 

25 

51 


99-1-76 

20 

27 

70 

ff f> 

83+65 

15 

18 

82 

Testosterone 

84 

75 

40 

81 

tf 

105+68 

40 

70 

55 

jf 

144+98 

30 

37 

71 

f # 

123+82 

23 

32 


the corresponding castrate rabbits showed that after 40 days the prolifera- 
tion hardly differed from that of a normal adult (Plate I, Figs. 1 and 4), while 
after 20 days there was a well-developed epithelium differing from the normal 
in its less complex glandular invaginations and in the c3rtoplasmic borders 
still persisting in the gland cells. Presumably this represents an inter- 
mediate stage of epithelial development. In the last rabbit of this group, 
which absorbed 18 mg. of methyl testosterone over 15 days, epithelial 
development was much less advanced, although glandular invagination had 
begun. Since the androgenic substance in these experiments must stimu- 
late the growth of the fibromuscular wall of the uterus masculinus as well 
as that of the epithelium, it is comprehensible that the process should be 
a slow one requiring a fairly high amount of hormone. In the normal 
rabbit it is probable that the oestrogenic hormone of the testis contributes 
to the development of this organ which, as ahead}’' mentioned, enlarges 
before full epithelial proliferation occurs. 

In the experiments with testosterone the largest amount absorbed 
(70 mg. in 40 days) restored the uterus masculinus to its normal size and 
stimulated a glandular epithelium, with perhaps less complex invagina- 
tions than the normal adult uterus masculinus, but of an essentially similar 
t^pc. After 75 days tablet implantation, when the daily amount of testo- 
sterone absorbed was only a third as much as in the previous rabbit, the 
epithelium of the uterus masculinus differed more from that of the normal 
*'idult. In the two other castrated rabbits receiving smaller doses of testo- 
sterone over shorter periods, the epithelium had onlv begun to show glandu- 
I'lr proliferation. 

riiesc experiments indicate that the epithelium of the uterus ma.'-culinus 
^‘“'ponds to androgens but has a relatively high ihre>hold requirement. 

a the normal animal it is probably stimulated not only by tote.-^tcrone, 
ait by other substances possessing androgenic or (X^'^tr(>genic activity or 



*JOG ItUTIl D1CANE8LY 

botli, secreted by the testis. If lesto.sterone is given alone, large closes a 
reriuired to re.store the organ in the castrate. In a single experime: 
tablets ot both oe.strone and testosterone were implanted into the san 
castrate rabl)it tor tU days; the uterus masculinus was very large at dcat 
but the epithelium, though glandular, was much simpler than in the norm 
adult. I’robabl^' in this rabbit the amount of testosterone absorbe 
(18-5 mg.) was inadequate for complete restoration of the epithelium. 

Su.n.MAUV 

Hiitt [1927J showed that, after castration, the largo uterus masculini 
of the adult rabbit underwent shrinkage and its complex epithelium n 
gressed to a single, mainly single-layered type. In the inesent experimenl 
oestrogenic and androgenic substances in various combinations and crud 
testicular extracts have been administered to rabbits in attempts to stime 
late growth and development of the uterus masculinus in castrated o 
immature males. It was found that small or largo quantities of oestrogen 
caused conspicuous growth of the organ, but the ejhthelium could only b 
restored to normal by the administration of methyl testosterone or testo 
sterono in relatively large amounts (25 mg. or 70 mg. in 40 da 3 ^s), by tin 
subcutaneous imijlantation of tablets. 

I\Iy thanks are due to Dr. D. Beall, of the British Postgraduate Medica 
School, Hammersmith, for preparing some of the pig testis extracts, and 
to Dr. K. Miescher and Messrs. Ciba, who jnovided the method testosterone 
and testosterone used in these experiments. 
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Fio. 1. Normal adult male. 


Fig. 2. Immature castrate male in which three 
types of epithelium can be seen: on the left 
urethral epithelium, then epithelium with small 
papillae, and then single-layered dark-staining 
epithelium. 
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Durin'G the last few years gonadotrophic extracts from various sources 
have been tested in many ways, in attempts to determine the number of 
active principles involved and the maximum activity of given prepara- 
tions. It has been found that the effect of two extracts, when given 
together, may be much greater than the sum of the effects when they are 
administered singly. This is ascribed by many ^vriters to an improved 
balance in the combined extract, of two different gonadotrophic prin- 
ciples, one follicle-stimulating and the other luteinizing. Other ^vriters, 
however, especially Saunders and Cole [1938], regard the question of 
different hypophyseal principles as still unsettled, and attribute the 
greater effectiveness of combined extracts to delayed absorption of 
the active principle, since it is known that the addition of metallic 
salts and other inert substances may greatly increase the effectiveness 
of hypophyseal gonadotrophic preparations. In the present paper it is 
proposed to review some of the work on this subject, and to record 
tests carried out over several years on modification of gonadotrophic 
effectiveness. 


Method 

The technique \Yas the same as that previously described [Deanesly, 
1935] ; immature female rats were used, weighing 40-50 g. at the begin- 
ning of the experiment, with ovaries averaging 10 mg. Unless otherwise 
stated, each test was made on 10 rats, which were given single sub- 
cutaneous aqueous injections daily for 5 days and were killed on the Gth 
day. The ovaries were dissected out, fixed in Bouin’s fluid, and each 
pair weighed on a torsion balance after transference to 70% alcohol. 
The weight recorded for the ovaries in the tables is the average for 
the group. The dose of gonadotrophic extract is expressed as the total 
dose per rat; the daily dose injected in 1 c.c. is, therefore, one-fifth of 
the total. 

The ext)criments of other workers will be referred to in the individual 
sections of the paper under the appropriate headings. 
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Effect of Division of Dose and Addition of Jlctallic Salts and Inert Substances 

to Gonadotrophic Extracts 

Previous work on hypophyseal rjonadotrophic extracts. Since the action 
of certain gonadotrophic extracts, like tliat of oestrogenic and androgenic 
substances, can be modified by alterations in the metliod of administra- 
tion, experiments on divided dosage are classed with experiments involv- 
ing the addition of inert substances to extracts. 

JTevoId, Hisaw, Hcllbaum, and Hertz [1933«] first referred to the aug- 
menting action of an inert substance on a pituitary gland extract; they 
stated that the precipitation of their follicle-stimulating extract in tannic 
acid and the injection of the tannate increases the ovarian response 
owing to more gradual absorption. 

Maxwell [1934] then showed that if zinc sulphate solution w'as combined 
with a gonadotrophic extract before injection, there would be a marked 
increase in the ovarian response in immature female rats. He added zinc 
sulphate in a daily dosage of 3 mg. per rat to extracts of sheep and ox 
hypophyses and obtained a definite augmentation in the weights of ovaries, 
correlated with vaginal opening and corpora lutea formation, usually 
absent in rats treated with these somewhat inactive preparations. Max- 
well concluded that his results were ontirel}’’ due to delay of absorption 
of the aetive principle since (1) zinc sulphate injected separately had no 
gonadotrophic action, and (2) removal of the zinc left the gonadotrophic 
preparation Avith approximately its original potency. Isolated experi- 
ments showed that tungstic acid or aluminium salts would also augment 
the action of hypophyseal extracts. Maxwell’s work has been repeated 
and extended by Bischoff [1938], Fevold, Hisaw, and Greep [1936, 1937], 
de Fremery and Scheygrond [1937], de Fremery [1938], Emery [1937 a, 6], 
Casida [1936], Hellbaum [1936], MeShan and Meyer [1937], and Saunders 
and Cole [1936, 1938]. Fevold et al. [1936], finding that mature rabbits 
could be induced to ovulate by extraets of yeast, tested the effect of the 
latter on immature rats in combination Avith hypophyseal extracts, and 
obtained augmentation of ovai'ian Aveight. Further experiments shoAved 
that this augmentation could also be obtained from the inorganic constitu- 
ents of the yeast, including copper. It Avas found that copper produced 
more augmentation than zinc under certain conditions, Avliereas iron Avas 
less active than zinc. Copper, hoAvever, differed from zinc in being in- 
effective in augmenting the follicle-stimulating fraction in hypophys- 
ectomized rats, although it Avould augment the follicle-stimulating fraction 
in such animals if combined Avith the luteinizing fraction. Copper salts also 
differed from zinc in causing ovulation in the mature oestrous rabbit. 
Fevold etaZ. [1936], therefore, suggest that the biological actions of zinc 
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and copper differ qualitatively. Bischoff [1938], discussing these results in 
the light of further experimental work, shows that the amount of aug- 
mentation produced by zinc is greatest when the solution is alkaline. 
With copper, on the other hand, which produces more necrosis of the tissues 
at the site of injection, the pH of the solution does not materially affect 
the degree of augmentation, which is greater at pH 6 or 8-5 than with zinc. 
Further tests showed that the active substance is precipitated by both 
zinc and copper at pH 8-5, Saunders and Cole [1936] confirm Maxwell’s 
experiments and state that they obtain an average additional increase of 
about 100% in ovarian weight, by adding zinc sulphate to a crude pitui- 
tary extract. In a more recent paper [1938] the same authors study the 
amount of zinc required to produce maximum augmentation vnth a given 
hypophyseal extract (Evans’s synergist prepared from sheep or ox h 3 rpo- 
physis). Saunders and Cole do not state the pH at which their uncentri- 
fuged solution was injected, but their results indicate that the maximum 
augmentation produced by zinc brings the weight of the ovaries in these 
experiments to 71 mg., or rather more than double the weight found when 
the hypophyseal extract is given alone. 

Experiments on division of dose and addition of zinc sulphate to hypo- 
physeal gonadotrophic extracts. In the first set of experiments a total of 
15 mg. zinc sulphate per rat was added to h^^pophyseal gonadotrophic 
extracts from different species (Table I). The addition of the zinc sulphate 
solution to the hypophyseal extract generally caused the formation of a 
precipitate at pH 7'5, to which the solutions were adjusted. In most 
experiments this precipitate was injected with the solution, but in certain 
tests, indicated in the table, it was separated by centrifuging and the 
supernatant fluid alone was injected. 

Some of the hypophyseal extracts showed comparatively low maxi- 
mum activity on the immature female rat. In the case of the pig pituitary 
gland extract APol, it was found that if injections were given twice 
instead of once daily, a total of 25 mg. per rat would produce ovaries 
averaging 37 mg. instead of 22 mg. (Table I). Apparently some of the 
activity in this preparation was wasted through too rapid absorption. 
This agrees with the conclusions of ^laxwell [1934] and de Fremery and 
Scheygrond [1937] concerning the augmentation of the action of pig 
pituitary gland by zinc sulphate. 

The results in Table I show that hypophyseal extracts from pig, >hecp, 
and ox, but not from Ijorse, are augmented by tlie addition of zinc sul- 
phate, the average weight of the ovaries after a given do.-e being often 
more than doubled. With pig and sheep extracts the increa'cd activity 
due to the zinc appears to be independent of the j)recijjitate ; with two 
dilTereut extracts of ox pituitary gland, liowcver. a t<mtr.iry result v. .is 
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obtained; at pH 0 most of the active substance disappeared from tin 
supernatant fluid. Test 72 (Table I) shows that if this precipitate i; 
taken up witli water and neutralized, the active substance is recovered 
I'urther tests, each on 5 rats, confirmed this observation and showed thal 
the precipitate contained very little zinc. 

In another set of cxjjeriments (Table II) an attempt was made to find 
the maximum augmentation of pig hypophyseal extract AP74, and the 
amount of zinc necessary for it. Alt solutions containing zinc sulphate 
were centrifuged and only the supernatant fluid was injected ; a record 
was kept of the dry weight of the precipitate in tests 54-G. Tests 52-4 
illustrated the usual I'esults with this typo of gonadotrophic extract — 
failure of the ovarian response to increase proportionately to the dose 
above a certain limit (tests 52, 53), and doubling of the response when 
zinc sulphate was added to the lower dose of AP74 (test 54). There is no 
further increase in ovarian weight when zinc sulphate is mixed with the 
lugher dose of AP74 (test 57), indicating that the response to the extract 
is still a limited one, whether or not zinc is added. 

In tests 5-4-0 a standard amount of the gonadotrophic extract was com- 
bined with varying amounts of zinc sulphate; although the dry weight of 
the precipitate removed by centrifuging was much the same in tests 54 
and 55, the ovarian response in test 55 was markedly decreased, indicating 
that the better ovarian response in test 54 was due to delay in absorption 
caused by the residual zinc in the supernatant fluid. Shortly after these 
experiments had been made, Saunders and Cole [1938] recorded somewhat 
similar results with a hypophyseal extract described as ‘pituitary synergist ’. 
These rvriters, using very small groups of rats, found that the increased 
response due to the addition of zinc tended to diminish when the dose 
was decreased, especially with a total dose below 2-5 mg. 

The present experiments confirm the conclusions of Maxwell [1934] and 
Saunders and Cole [1938] ; they indicate that the increase in effectiveness 
due to zinc sulphate is probably the result of delayed absorption and is 
certainly not due to any change in the gonadotrophic extract. The results 
are most striking in the case of ox pituitary gland, which, administered 
alone, has only a very slight effect in the immature female rat. With the 
addition of zinc sulphate this extract will cause vaginal opening and corpora 
lutea formation. 

The fact that the addition of zinc sulphate failed to augment the action 
of horse hypophyseal extract (Table I), or human hypophyseal extract 
[de Fremery and Scheygrond, 1937], suggested that the reaction of these 
substances (as with the pregnant mare serum extract referred to below) 
might be little affected by the conditions of absorption. If this were the 
case, then a given dose should produce approximately the same reaction 
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Table I. Effect of 15 mg. zinc sulphate on response to hypophyseal gonado- 
trophic extracts 



Extract. 

Total 

Total 

Ovarian 


Test 

Source and 

dose 

zinc sulphate 

weight 

Xo. of 

no. 

no. 

mg. 

mg. 

mg. 

rats. 

R 

Pig APoi 

25 

— 

22 

10 

41 

25 

15 

55 

10 

R 

Pig AP63D • 

12*5 

— 

28 

5 

R 

99 

25 

— 

56 

5 

42 

99 

12-5 

15 

49 

10 

43 

99 

12-5 

15* 

63 

10 

46 

Sheep AP45D 

15 

— 

45 

20 

48 

99 

15 

15 

98 

10 

47 


15 

15* 

105 

10 

49 

Ox AP24B 

15 

— 

15 

10 

50 

99 

15 

15 

25 

10 

51 

99 

15 

15* 

15 

10 

R 

Ox AP15B 

50 

— 

15 

10 

67 

99 

25 

15 

27 

10 

69 

99 

25 

15* 

9 

10 

72 

99 

25 

lot 

27 

9 

R 

Horse AP61B 

2-5 

— 

58 

10 

64 

99 

2-5 

15 

58 

10 


* Centrifuged : supernatant fluid only injected, 

t Centrifuged: supernatant fluid removed ; precipitate taken up with water and injected. 


Table II. Effect of various amou7its of zinc sulphate on effectiveness of pig 
hypophyseal extract AP74D 



Total dose 

Total dose 

Dry weight of 

Ovarian 

Test 

AP74D 

zinc sulphate 

precipitate* 

weight 

no. 

rog. 

mg. 

mg. 

mg. 

52 

25 

— 

— 

28 

57 

25 

15 

— 

46 

53 

12-5 

— 

— 

25 

51 

12-5 

15 

52 

44 

55 

12-5 

5 

GO 

20 

56 

12*5 

1-75 

40 

24 


Ten rats in each group. 

• The precipitates were formed when 150 mg. AP74D extract was combined -a ith ISO mg., 
00 mg., and 21 mg. of zinc sulphate (leasts rcsjxic lively) in CO c.c. aqueous solution.-^. 

in a 0-day test, whatever the number of injections in which it was ad* 
ministered. Tests on two groups of 5 rats with horse hypophy^scal 
extract APGl (2*5 mg.) (cf. Table I), and on two further groups of 5 rats 
with human hypophyseal extract APl)l (0*5 ing.) indicated clearly, how ever, 
that with one injection instead of 5 the reaction was much reduced; the 
ovarian re.sponse to the dose of APGl decrea.-ed to 13 ing. from 55 mg., and 
that to APOl to 20 mg. from G5 mg. 

X 
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Previous work ou urine of prvtjnancij exlrucls. Il was observed by 
scveial worlvcrs in the course of early experiinonts tliut the response to 
mine of picgnancy extract appeared to be vinafleetcd by divided dosage 
[Evans and Siin[)son, 192!); Uisclioll, I93GJ or by the addition of zinc 
[Maxwell, 193-i; de breinery and Sche^'grond, 1937]. On the other hand, 
Shelesnyak and Engle [1932] .showed that the response to urine of preg- 
nancy e.xtract could be affected by the method of administration, and both 
bluhmann [1931] and JDeancsly [1933] found that in certain circumstances 
a dose of urine of pregnane^' e.xtract ])roduccd a greater response if spread 
over 10 I'athcr than over 5 days. I^fore recently Hamburger and Pedersen- 
Bjergaard [193S] have shown that, in 100-hour tests, a single subcutaneous 
or intravenous injection of urine of pregnancy extract will produce a much 
lower ovarian res]Jonse than will the same dose administered in 5 sub- 
cutaneous injections during the first 48 hours. Emery [1937 6] reports 
some augmentation of the action of urine of pregnancy e.xtract by zinc 
sulphate, but only if the e.xtract is given intra-peritoneally. 

Effect of divided dosaije and addition of zinc sulphate on urine of 
pregnancy extract. Two grouiJ tests were carried out in this laboratory in 
which the m’ine of pregnancy e.xtract UPlO was used; a dose-response 
curve for this extract has already been published [Deanesly, 1935]. Half 
a milligram wall produce ovaries w'eighing 26 mg. in the usual 5-day test ; 
if the same dose is given in twice daily injections, or if 1 5 mg. of zinc sul- 
phate per rat is added to the solution, similar ovarian weights are obtained, 
thus confirming the conclusions of previous workers that the behaviour 
of urine of pregnancy extract in tests of tliis Idnd differs from that of 
hypophyseal extracts. 

Previous work on pregnant mare serum extract. Cole, Guilbert, and 
Goss [1932] report that one dose of mai’e serum is as effective as 8 doses in 
a 4-day test. Saunders and Cole [1938] report failure to augment the 
action of pregnant mare serum extract with zinc sulphate or other inert 
substances. Hamburger and Pedersen-Bjergaard [1938] show that in 100- 
hour tests a single subcutaneous or even a single intravenous injection of 
pregnant mare serum extract is as effective as 5 subcutaneous injections 
spread over the first 48 hours. It is clear, therefore, that in this test 
pregnant mare serum extract gives a much better response to one injec- 
tion than urine of pregnancy extract. 

Effect of divided dosage and addition of zinc sulphate on pregnant mare 
serum extract. In a 5-day test on 2 groups of 5 rats a dose of 1-5 mg. preg- 
nant mare serum extract MSI produced ovaries averaging 77 mg. when 
given as one injection, and 62 mg. when given as usual in 5 injections. This 
confirmed the findings of earlier workers that such extracts showed no loss 
of activity when administered as a single injection. The other tests carried 
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out in this laboratory were on two different preparations, P]\IS16 and 
PMS18; a note on their activity has been published by Rowlands [1938]. 
Table III shows that, in 3 tests with different dosage, the solution contain- 
ing zinc sulphate produced smaller ovaries than were found in the corre- 
sponding controls. 

Table III. Effect of zinc sulphate on response to pregnant mare serum 




extract 

Total 

Total zinc 

Ovarian 

Teat 

Extract 

dose 

sulphate 

weight 

no. 

no. 

mg. 

mg. 

mg. 

63 

PMS 16 

0'5 

— 

31 

62 

f9 

0'5 

15 

18 

30 

PMS18 

1*0 

— 

103 

68 


1*0 

15 

80 

35 


0-25 

— 

31 

74 


0-25 

Ten rata in each group. 

15 

19 


Discussion. In a consideration of what may influence the effective- 
ness of gonadotrophic extracts, at least three factors must be clearly 
differentiated: (a) the extent to which the animal’s own pituitary becomes 
involved in tests on intact animals ; (6) the rate of absorption from the site 
of injection ; and (c) the rate of destruction or excretion after absorption. 
The importance of these factors and their susceptibility to alteration -will 
vary in different tests. Extracts depending largely for their gonadotropliic 
effectiveness on the co-operation of the animal’s own pituitar^^ gland will 
not be much influenced by agencies which only modify their direct effect 
on the gonad, and the converse will hold for extracts whose action is in 
the main a direct one on the gonad. Extracts whose activity is preserv^ed 
by a low rate of excretion or destruction will clearl3' not acquire increased 
effectiveness through a slowing of the rate of absorption from the site of 
injection. These principles ma}" be applied to the experimental results 
recorded above. 

The augmentation of the action of h^^pophv^seal extracts from ox, slieep, 
and pig b}’* the addition of zinc sulphate and inert substances apj>ears to 
be satisfactorily" explained as the result of the more gradual ab-orf)tion of 
the active gonadotrophic substance, as originally suggested In’ Maxwell 
[1931]. It remains uncertain why the action of human hypophyseal ex- 
tract [de Fremery’ and Scheygroud, 1937] and hor.se hypophyseal extract 
( Table I) is not augmented in the same way. The.-e two extracts re.-'Cinble 
t*ach other hi being of a more ‘foiliolc-.^timulating' tyq>e than tho.'C known 
to he augmented by zinc, and for them the iisual test may ensure absi^rp- 
tion at something approaching the optimum rate. 
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higher than the sum of the increases in weight produced by the extracts 
acting alone. Only in one ot tlicso tests were the solutions mixed before 
injection. These results indicate a possible synergism between horse 
pituitary gland and urine of pregnancy extract. 

Table IV. Effect of combining urine of pregnancy extract UPlO with horse 

pituitary extract APIID 


Test 

UlMO 
total (ioso 

AIM ID 
total (loso 

Ovarian 

weight 

No. of 

no. 

mg. 

mg. 

mg. 

rats 

D 

0-5 

— 

20 

20 

lOG 

— 

0*5 

28 

10 

101 

— 

1-25 

70 

10 

100 

0*5 

1-25 

103 

9 

107 

0*5 

O*;-) 

02 

10 

112* 

05 

0-5 

09 

c 


* Solutions mixed before injection. 


Synergism between sheep pituitary gland and urine of pregnancy 
extract has been so frequently described in the literature, that a more 
extensive series of tests was next carried out with different and more 
active preparations than those used in the earlier work (Table V). The 
urine of pregnancy extract XJP27 produced 40 mg. ovaries with a total dose 
of OT mg.; 10 times this dose caused no further significant increase in 
ovarian size. The sheep hypophyseal extract AP66D produced 40 mg. 
ovaries with a total dose of 10 mg., and the injection of twice this amount 
caused no further ovarian enlargement. Sheep hypophyseal extracts noi*- 

Table V. Combination of various amounts of urine of pregnancy extract 
TJP27 mith sheep hypophyseal extract AP66D 



UP27 

AP66D 

Ovarian. 

Test 

total dose 

total dose 

weight 

no. 

mg. 

mg. 

mg. 

R 

0-05 

— 

28 

R 

0*10 

— 

40 

78 

1-00 

— 

41 

79 

— 

10 

43 

80 

— 

20 

40 

73 

0-05 

10 

42 

71 

0-10 

10 

48 

70 

0*20 

10 

65 

66 

0-50 

10 

83 

65 

1-00 

10 

84 


Ten rats in each group. 


mally have a very limited action on ovarian weight, and this particular 
extract was the most active of ten different ones tested in this laboratory. 
It was thought that synergism between the two extracts might be more 
readily demonstrated if they were mixed before injection, and if an amount 
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of urine of pregnancy extract was used in excess of the amount which 
would give the maximum ovarian response. The results in Table V show, 
however, that although the ovarian weights increase up to a point with 
excess dosage of UP27, yet they never exceeded, and in 3 tests out of 5 
feU below, the sum of the weights produced by the two extracts in- 
dependently. 

It would, therefore, appear that sheep hypophyseal extracts (other than 
those partially fractionated into follicle-stimulating and luteimzing frac- 
tions) do not show S 3 rnergism in combination with urine of pregnancy 
extract. This conclusion appears to agree with that of Fevold [1939], the 
present theory being that pregnancy urine extract as a strong ‘luteiniz- 
ing’ substance is not complemented in its action on the ovary, except by 
a predominantly ‘follicle-stimulating’ fraction or extract. Of the latter 
type is the horse hypophyseal extract, which showed indications of 
synergism with pregnancy urine extract in the earlier experiments 
(Table IV). 

Combinations of different gonadotrophic extracts with extract of urine 
of menopause. Since extracts of menopause urine show slight gonado- 
trophic activity, which is wholly or mainly ‘follicle-stimulating’, they 
might be expected to show synergism in combination with urine of preg- 
nancy and other Tuteinizing’ extracts, as reported by Leonard and Smith 
[1934] and Evans and Simpson [1935]; but most of the present experi- 
ments made with this substance gave negative results. The extract used, 
Path. U31G, injected alone into immature rats in a total dose of 240 mg., 
led to very slight enlargement of the ovaries, which weighed 11 mg. ; the 3 ’' 
showed some evidence of histological stimulation, corpora lutea being 
present in 2 rats out of 10. If the total dose was halved, the histological 
reaction was purely follicular. This dose (120 mg.), given in conjunction 
with urine of pregnancy extract (0-5 mg. UPlO), caused no augmentation 
of the normal response. On the other hand, in conjunction with two pig 
hypophyseal extracts APol and AP53D, the menopause urine extract 
produced a marked augmentation of ovarian weight. These extracts, when 
given alone in doses of 25 mg., will produce ovaries averaging 22 mg. and 
23 mg., but averaging 50 mg. and 51 mg. when given in conjunction with 
120 mg. of menopause urine extract, the two solutions being mixed before 
injection. The significance of this is uncertain, since the action of pig hvpo- 
phvbcal extract can etpialU' be augmented b^' divided do.sage or by zinc 
isulphate. On the other hand, sheep hypophyseal extract APi5D, wUom: 
activity is augmented by zinc (Table I), showed only doubtful augmenta- 
tion with menopause urine extract, so that the two rcactioms may I>e <juite 
ilillcrcnt in nature. The other sheep hyj>up)iyseal extract shu-»vc<l no 
augmentation in combination with Path. U3RJ. 
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Inhibition of the Action of One Gonadotrophic Extract by Injection in 

Combination with Another 

Previous work. In a number of the earlier experiments with gonad 
trophic extracts it was observed that tlie reactions produced in the hypi 
physectomized rat [Smith, 1927J, or immature female rat [Evans ar 
Simpson, 192S], by pituitary implants, were partially or wholly inhibite 
if extract of ox hypophysis was given simultaneously, usually by the intn 
peritoneal route. Eeiss, Selye, and Balint [1991] showed that the effec 
of pregnancy urine extract could bo similarly inhibited in rats. Leonar 
[1934 rt] later reported inhibition of the ovarian weight increase caused b 
pregnancy urine extract, given subcutaneously, if ox or sheep pituitar 
gland was given intra-peritoncally at the same time. Leonard, Hisav 
and Fevold [1935], using the same typo of test, found that out of seven 
extracts the luteinizing fraction of sheep pituitary gland, given intra 
peritoncallj", was the most effective inhibitor of the weight increase causes 
by subcutaneous injection of pregnancy urine extract. The follicle 
stimulating fraction of sheep pituitary gland, however, also caused som 
inhibition, while follicle-stimulating urine extract proved to be synergistic 
and increased the weight of the ovaries in combination with urine o 
pregnancy extract. Collip and Williamson [1936] reported that intra 
peritoneal injection of ox, sheep, and pig hypophyseal extracts usually 
gives a negative result ; if, however, intra -peritoneal injection of ox hypo 
physeal extract is combined with subcutaneous injection of the same 
extract, the usual effect of the latter in increasing the weights of the 
ovaries is completely inhibited. Freud [1937 a, 6; 1938] reports results 
similar to those of Collip and Williamson [1936] ; ox anterior pituitary gland 
extract has no action when given intra-peritoneally by itself, and will in- 
hibit the action of pregnancy urine extract when the latter is given sub- 
cutaneously with it. Evans, Korpi, Pencharz, and Simpson [1936] carried 
out further experiments on these lines, and discuss the purification of the 
inhibiting substance, which they call the gonadotrophic antagonist. They 
describe its preparation from ox, sheep, or pig pituitailes and discuss its 
separation from the luteinizing substance referred to by other workers. 
More recently, however, Evans [1938] appears to regard the luteinizing 
substance as identical with his ‘antagonist’. 

Experiments on inhibition of gonadotrophic activity by luteinizing 
extracts. In the present experiments extracts were mixed before sub- 
cutaneous injection ; the gonadotrophic extract, which was inhibited by 
combination with another, was generally pregnant mare serum extract. 
Two very active extracts, PMS16 and PMS18 were used: Tables VI and 
VII show the ovarian response produced by these substances in total doses 
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of 0'5-2*5 mg., in the usual 5-day test on groups of 10 rats. The remain- 
ing data in the tables show that the addition of extract of pig, ox, or sheep 
hypophysis substantially reduced the size of the ovaries caused by a given 
dose of pregnant mare serum. The amounts of hypophyseal extracts were 
generally such that, given alone, they would produce a relatively small 

Table VI. Effect of luteinizing hypophyseal extracts on response to pregnant 
mare serum extract PMS16 


Test 

Pregnant mare 
serum extract 

Hypophyseal extract 

Ovarian 

No, of 

no. 

total dose 

total dose 

weight mg. 

rata 

R 

PMSI6 2-5 mg. 

— 

189 

20 

R 

PMS16 1-0 mg. 

— 

78 

15 

R 

PMS16 0-5 mg. 

— 

34 

10 

18 

PMS16 2-5 mg. 

Pig APol 25 mg. 

77 

10 

19 

PMS16 1-0 mg. 

tf ty 

36 

10 

20 

PMS16 0-5 mg. 

yy 

25 

10 

24 

PMS 16 2*5 mg. 

Ox APo2Dl 25 mg. 

38 

10 

22 

PMS16 1*0 mg. 

Sheep AP57D 12*5 mg. 

52 

10 


increase in ovarian weight. When P^lSlG was given in combination with 
a standard 25 mg. dose of pig hypophyseal extract APo 1 (Table VI), a partial 
inhibition of the gonadotrophic activity of the pregnant mare serum 
extract appeared to take place; the ovarian weights remained roughly 
proportionate to the dose of PMS16, but were greatly reduced as compared 
with the weights when the same doses of serum were given alone. Test 32 
(Table VII) shows also an inhibiting action by the same pig hypophyseal 

Table VII. Effect of luteinizing hypophyseal extracts on response to pregnant 
mare serum extract PMS18 


Teat 

Pregnant mare 
so rum extract 

Hypophyseal extract 

Ovarian 

No. of 

no. 

total do:>o 

total do^o 

weight ing. 

rat^ 

33 

PMSIS 2-5 mg. 

— 

213 

20 

38 

• » »» 

Ox AP52D1 5 mg. 

139 

10 

36 

»» •» 

Ox APo2Dl 10 mg. 

100 

10 

37 

f. «* 

Ox AP52D1 25 ing. 

00 

10 

25 

PMSKS too mg. 

Ox .VP52D1 25 mg. 

119 

10 

29 

PMS18 2-5 mg. 

Ox AP52C 25 mg. 

1G3 

10 

30 

PMS 18 10 mg. 

103 

10 

5S 

•• .. 

Ox AP52C 25 mg. 

62 

JO 

31 

.. .« 

Ox AP52L)2 25 mg. 

77 

lu 

32 


Pig AP51 25 mg. 

62 

10 


extract on the .second pregnant mare .veriim extract PMSiS. In the cun- 
vei>e exj>criment (Table VH). in wliich a standard 2*5 mg. do.^o of ^cruin 
1 MS IS \v;is combined with incrca^ing do^<‘s of lutcini/.ing extract of ox 
pituitary glami, the extent by which liie ovarian v*ei;ziu incrca,-e w.Lr» 
rv‘duccd was not diicctly j»ropurlK»natc to the amuuru <tf inhibitiin' ox 
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I'ypopli^’.scal oxtriuiL (Ictils lilJ, IM), ;}7, .‘Jri), although tlic latter caused rather 
more iuhihition than the smaller ones. 

In a further experiment (test ifo), the response to 10 mg. of PMSIS 
(4 times the tlo.sc giving 2 f:j mg. ovaries) was greatly reduced by 25 nig. 
of the same ox pituitary extract, the ovaries weighing 119 mg. This extract 
also reduced the ovary weight in combination with 2-5 mg. of PMS16 
(test 21, T’able VI). 

The remaining tests listed in 'fables VI and VII jirovide further examples 
of inhibition of the normal ovarian weight increases, wdien pregnant mare 
serum was injected in combination with other extracts. Test 22 (Table 
VI) shows inhibition of PMSlG by sheep hypophyseal extract. Tests 29, 
5S, and iU ('Table VII) show that extracts (C fractions) of ox pituitary 
gland, which themselves lack any perceptible gonadotrophic activity, may 
partially inhibit the action of pregnant marc serum extract [cf. Freud, 
19375], though not to the same extent as corresponding quantities of the 
gonadotrojihic luteinizing fraction of the same extract. As might be 
expected, horse pituitary extract AP41D had no inhibitory action on 
PjMSIS ; the ovaries showed a summation of the response produced b}'’ the 
two active extracts. 

In addition to these experiments, two group tests were carried out in 
which urine of pregnancy extract was combined with pregnant mare 
serum extract. In the first of these 1 mg. of UPlO, which would normally 
produce ovaries weighing about 40 mg., was combined with 1 mg. of 
PMSlS, and although the ovaries, after the combined injections, showed 
no summation of weight increase, they averaged 93 mg., not significantly 
different from the ovaries produced by the same dose of PMSlS given 
alone (Table VII). In the second test 10 mg. of UPlO (10 times the dose 
giving the maximum ovarian weight for this type of extract) was added 
to 2-5 mg. of PMSlS and the resulting weight of the ovaries was 155 mg., 
as against 243 mg. for the same dose of pregnant mare serum extract given 
alone, so it may be concluded that inhibition had definitely taken place. 
Evidence was also obtained that the gonadotrophic activity of horse 
hypophyseal extract AP61B, which in a dose of 2-5 mg. produces ovaries 
averaging 5S mg., could be inhibited by adding pig hypophyseal extract, 
the solutions being mixed and injected subcutaneously. Twenty-five milli- 
grams of pig hypo25h3^seal extract added to the above dose of AP61B 
(test 59) produced ovaries weighing only 31 mg. 

Evans, Simpson, Tolksdorf, and Jensen [1939] report somewhat similar 
experiments, in which the response of immature female rats to pregnant 
mare serum was reduced when a purified pituitary gland fraction was 
simultaneously injected ; the solutions were mixed before intra-peri toneal 
injection. With a standard dose of pregnant mare serum extract increasing 
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amounts of the pituitary gland fraction caused, on the whole, increasing 
inhibition of the ovarian response. 

No attempt will he made to offer a detailed explanation of these experi- 
ments on inhibiting gonadotrophic activity; the reactions between the 
extracts probably depend, in most cases, on the individual action of each 
of the two gonadotrophic substances on the ovary, the final results being 
affected by the relative rates of action of the two substances. The tests 
with the inert fractions of hypophyseal extracts suggest, however, that a 
more or less direct action between the pregnant mare serum and the in- 
hibiting extract may also be possible. 

SUirMABY 

Groups of immature female rats have been used for testing various 
gonadotrophic extracts. A study has been made of the extent to which 
the effectiveness of given amounts can be modified by (1) varying the 
number of injections, (2) delaying absorption by the addition of inert 
substances, and (3) combining two different extracts. 

My best thanks are due to Dr. F. G. Young, who prepared most of the 
hypophyseal extracts, and to Dr. I. W. Rowlands, who carried out certain 
of the experiments considered in the paper. I am also indebted to Lovens 
Kemiske Fabrik for the extracts of pregnant mare serum, and to Organon 
Laboratories for a preparation of human urine of pregnancy and for some 
of the hypophyseal extracts. 
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THE EFFECT OF ROUTE OF ADMINISTRATION 
ON THE MULTIPLE ACTIVITIES OF TESTO- 
STERONE AND METHYL TESTOSTERONE IN 
DIFFERENT SPECIES 

By C. W. EiBIENS anb A. S. PABKES 
From the National Institute for Medical Research, Hampstead, London, N, IF. 3 

(Received 19 August 1939) 

The variation which is encountered in the absolute and relative activities 
of endocrinologically active substances, according to the method of ad- 
ministration, has been the object of much study. An investigation into 
the activities of certain androgens having strong physiological activity 
other than androgenic brought to light instances in which the various 
activities of a substance seemed to be exerted to a different degree, not 
only according to the species of test animal, but also according to the route 
of administration. Changes of the latter type, in which the same test 
animal is considered, present pecuhar difficulties. Unless relatively minor 
differences in action are sought, such as that between the response of the 
prostate and of the seminal vesicles in male rats, the various recognized 
tests for androgenic, progestational, and other activities are not, with the 
partial exception of those with the rat, adapted to an investigation of this 
kind. Thus, the rabbit, used for assessing progestational activity, is not 
readily usable for other assays, such as those of androgenic potency. 

The various activities of testosterone when given by injection to rats 
and capons have been very fully discussed in the literature, while Klein 
and Parkes [1937] first reported that it has progestational activity in 
rabbits. Methyl testosterone [Ruzicka, Goldberg, and Rosenberg, 1935] 
has also received attention, and has been shown by Deanesly and Parkes 
(193Ga] to bo appreciably more active than testosterone on the prostate 
and seminal vesicles of castrated rats, but only about ^th as active in the 
capon comb test. In the test for progestational activity as described 
by McPhail [1934] metliyl testosterone was found by Klein and Parkes 
[19371 to be more active than testosterone in producing progestational 
proliferation. According to ^lieschcr and Tschopp [193S] the methyl 
derivative retains its activity, when given by mouth to castrated rats, 
much better than does itrstoaterone. 

In the present investigation, the relative effectiveness of oral and paren- 
teral ad m in ij^i ration of the^o two coin]>oands has been examined in a 
variety of tc^ls with the s;ime or different s]>eeies of animab. 
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iMkthous and Rksults 
Aiulrofjenic Aclivili/ in Capons 
Tests on the combs of Brown Leghorn ciipons were carried out as 
described by Binmens [19396], activity being determined by reference to 
control groups ot birds receiving androsterone, and to standard curves. 
The relative activities of testosterone wlien given by inunction, by injec- 
tion, and by moutli liavc already been described [Emmens, 1939a]. In 
Tabic I these arc cojupared with the corresponding data for methyl 
testosterone, which is found to be about as active as testosterone when 
they are given by mouth, but less active by other routes of administration. 

Androgenic Activity in Castrated Rats 
The technique of assay on rats was similar to that described by Callow 
and Deancsly [1935]; the rats were adult when used, and had rested for 
2 months after castration. All assays in this scries of e.xpei’iments were 
carried out with groups of 5 rats per dose (Table II), with a 10-day test 
period, injections or feedings being made once daily in propylene glycol. 
Comparing the oral activity of testosterone with that found previously by 
injection in this laboratory [Deanesly and Parkes, 1936 a], we find that 
O'G mg. total given in a daily volume of 0-2 ml. of oil gave a prostate weight 

Table I. Approximate total amounts (pg.) of testosterone and methyl testo- 
sterone which produce a 5 mm. increase m length plus height of the combs of 
Brown Leghorn capons xvhen given by differexit routes. (Figures corrected for 
changes in the sensitivity of the birds) 

By By By / Doso by mouth \ 

Substniico injection mouth inunction \Doso by injection/ 

Tcatostorono 85 2500 2*1 30 

Methyl testoatorono 305 3000 4*7 8 

Table II. Activity of testosterone and methyl testosterone in propylene glycol 
on the adult castrated rat. Each assay was carried out on a group of 5 lats 

Average weight of: 




Route of 

Total 

Daily 


Seminal 

Date of 


adminis- 

dose 

volume 

Prostate 

vesicles 

assay 

Substance 

tration 

mg. 

ml. 

mg* 

mg. 

23/1/39 

Testosterone 

Oral 

5 

0-1 

38 

8-4 

yy 

Motliyl 

Injected 

2 

0-5 

65 

26 


testosterone 









10 

yy 

145 

84 



Oral 

2 

0-1 

30 

7-2 

24/6/39 

>> 

>> 

5 


65 

23 

11/11/38 

yy 

yy 

10 

yy 

89 

32 


yy 

Tablet 

38 



409 

293 



implantation 
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of 33 mg. and a seminal vesicle weight of 10 mg., similar figures now being 
found for 5 mg. total given orally. Since injecting daily with 0-2 ml. 
volumes is a relatively ineffective method, at an}’' rate with oil [Deanesly 
and Parkes, 19366], the oral activity of testosterone is clearly low, of the 
order of ^gth or less of its activity by injection. With methyl testosterone, 
on the other hand, 5 mg. given orally are equal in effect to 2 mg. given by 
injection, with the relatively efficient daily volume of 0-5 ml. The oral 
activity of methyl testosterone is therefore of the order of fths its 
activity Avhen given by an effective injection technique. By injection, 
methyl testosterone is clearly of greater potency than testosterone. Rats 
receiving methyl testosterone in the form of implanted tablets, an average 
of 3*8 mg. of which was absorbed over a lO-day test period, had a prostate 
weight of 409 mg. and a seminal vesicle weight of 293 mg. The great effec- 
tiveness of this method of administration is again demonstrated. Never- 
theless, in view of the previous findings in this laboratory, that an average 
of 1-5 mg. of testosterone absorbed over 10 days produced a prostate plus 
seminal vesicle weight of 877 mg. [Deanesly and Parkes, 1937], it is prob- 
able that methyl testosterone fails to maintain its superiority over testo- 
sterone when given by this method. 

Meirolrophic Activity in Spayed Rats 

For these tests, immature female albino rats were spayed at 40-60 g. 
body-weight, and rested for 2-3 weeks before being used. The final body- 
weight of groups at the end of the tests was between SO and 140 g. The 
test period was 5 days, using 5 rats per group. An injection or feeding of 
the test material in oily solution was given once each day, and killing took 
place on the 0th day, 24 hours after the last injection. The uteri were 
dissected and fi.xed in aqueous Bouin’s solution for 24 hours, and weighed 
after a similar period in 70% alcohol. The results are given in Table III. 
Testosterone and methyl testosterone have about equal metrotrophic 
activity when injected in 0*2 ml. of oil per day. 

The dose/response relationships for methyl testorsteronc given orally or 
by injection are seen to be approximately linear when the respon.-e is 
plotted against the logarithm of the dose (Fig. 1). The i>Iope of the line 
for oral administration is a little Hatter than that for injection. Methyl 
testosterone is between 4 and S times as ])otent by injection in 0*2 ml. 
of oil daily as when given orally, depending on the level of re>j>onse at 
which eomj)arison is made, and about 2o times as p<ilent by injection in 
ml. of oil per day. It .^eems improbable tliat llie volume uf<jil in uhich 
the oral dose is given atlects its potency, especially as a furtlicr expcrimciit 
shoucil tliat 2*,» mg. of metiiyl te.-^losteione inucslcd durin.: a 5 dav lest 
perkul in gum arabic in the drinking water had 4ippiu\imateiv the '.lUic 
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cfiect as when given by oncc-daily feedings (Fig. 1). On tlie assumptio 
that dosc/response lines for testosterone would have the same slope a 
those for method testosterone, it may he ealculated from the tests wit! 
this eompound that it has between S and 10 times the potency by injectioi 
as by mouth, when a volume of 0-2 ml. per day is employed, and doubtles 
a still greater relative potency if a larger volume of oil is injected. 


lable III. Aclivihj of Ic^nloslcruiie and incthyl testosterone in oil on the uteriu 

of spiujcd rats, 5 rats per group 


Date of 



Total 

dose 

Daily 

voliuno 

Body, 
weight 
at death 

Average 

uterine 

weight 

ufjsuy 

Sub.stunco 

Kouto 

mg. 

ml. 

g- 

ing. 

lii/io/as 

Tostostorono 

Injected 

5 

0-2 

so 

30 

? t 

Controls 

— 

— . 



70 

15 

21/10/38 

Tostosterorio 

Injected 

10 

0*2 

109 

54 

tt 

If 

Oral 

It 

ti 

9S 

21 


Controls 

— 

— , 


101 

10 

•1/11/38 

Methyl 

testosterono 

Injectetl 

10 

0*2 

117 

59 

»» 

>> 

Oral 

II 

It 

130 

35 

»» 

Controls 

— 

— 

— 

121 

10 

23/1/39 

diethyl 

testosterone 

Injected 

o 

0-2 

110 

30 

ft 

It 

If 

•1 

It 

130 

39 

»» 

ft 

It 

8 

It 

112 

55 

*» 

1 1 

If 

10 

It 

107 

65 


It 

Oral 

4 

1 1 

II 

23 


It 

ti 

S 

II 

103 

32 


11 

It 

10 

It 

107 

37 


1 1 

1 1 

32 

It 

113 

45 

>> 

Controls 
(10 rats) 

— 

— 

— 

110 

17 

6/2/39 

Methyl 

testosterono 

Injected 

4 

0*5 

140 

05 

>> 

It 

Oral 

2-5 

In drink- 
ing water 

111 

20 


The action of these compounds on the uterus of the rat is partly inyo- 
trophic, but there appears to be some progestational stimulation of the 
endometrium, which shoAvs a fcAv glandular crypts, a high columnar endo- 
thelium with nuclei raised from the basement membrane, and a someAvhat 
enlarged lumen. 

Metrotrophic Activity in the Immature Rabbit 

In these tests, Dutch, Himalayan, or Albino immature female rabbits 
were given one injection on each of 3 consecutive days, and killed on 
the 4th day. The uterus Avas dissected out, fixed for 24 hours in Bouin’s 
solution, and Aveighed after a similar period in 70% alcohol, as in the rat 
tests. The control material Avas collected over a period, from Dutch and 
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Himalayan, rabbits only. Tbe uterus of the immature female remams 
below 200 mg. imtil a body-weight of 1 kg. is approached, and groups of 
9 or 10' females below 800 g. have an average uterine weight of consider- 
ably less than this. Table IV gives the data for these tests, all injections 
and feedings being in 1 ml. per day of propylene glycol, with one exception. 



Fiq. 1. Tho metrotrophic activity of methyl testosterone in spayed rats, five per group. 

(Sco Table m.) 

• = by injection in 0*2 ml. of oil per day. 

H = by injection in 0-5 ml. of oil per day. 

O = by mouth in 0*2 ml. of oil per day. 

^ = by mouth in tho drinking water. 

marked in the table, in which oil was used. The results with these tests 
cannot bo called satisfactory, as individual variation in response is 
excessive. Testosterone, in a dose of 15 mg., produced an apparently 
significant response by injection, but not by mouth, while the responses 
with methyl testosterone are altogether too variable for any definite con- 
clusions to be drawn. The positive response given by injection on 1S/7/3S 
is annulled by that of 7/S/3S, in which no increase in uterine weight 
was demonstrable. It is perhaps possible to conclude that both tcato- 
sterono and methyl testosterone are significantly more active in this 
test by injection than by mouth, as simultaneous tccsts by the two 
routes have always shown a greater resix)nse in tlic ca^e of the injected 
group. 


Y 
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Table IV. Adivity of ksloakrone and methyl kstoakrone in propylene glyco 
on the ulerua of immature female rabbits 







Avorago 

Average 





Totid 


body- 

uterino 


Date of 



doso 

No. of 

weight 

weight 


lusMay 

Sub.itanco 

Kouto 

ing. 

rabbitH 

K- 

ing. 

Rango 

11/7/33 

To-stontorono 

Oral 

la 

o 

950 

31 

41-120 

>» 


Injccteii 



(335 

107 

102-171 


(ill oil) 







18/7/38 

It 

Oral 


5 

•131 

113 

20-337 

f 9 

1 

Injected 

p t 


500 

190 

133-251 

30/8/38 

9 9 

Oral 

1) 


‘I2l] 

42 

21-57 


99 

Injected 

1 ■ 

pp 

100 

54 

31-70 

29/G/3S 

Methyl 

Oral 

15 

•> 

335 

157 

102-212 


(e^toHtorono 







18/7/38 

tf 

1 1 

p p 

pp 

505 

87 

73-101 

f 1 

tf 

Injected 

pp 

3 

700 

442 

200-767 

7/8/38 

t r 

Oral 

1 p 

5 

4M 

52 

45-65 

»» 

1 1 

Injected 

PI 

99 

374 

03 

45-73 

— 

CoiitroKs 

— 

— 

0 

331 

37 

28-51 

— 


— 

— 

10 

544 

53 

27-137 

— 


— 

— 

9 

714 

72 

24^172 


Progestational Activity in Rabbits 

By the test for progestational activity as described by McPhail [1934] 
or by a modification in which only three daily injections of the test sub- 
stance are given, both compounds show activity by mouth and by injec- 
tion (Table V). 

The responses have been graded from \ to 4, whole numbers correspond- 
ing with McPhail’s proliferation indices of -f- to and an average 

figure has been taken for each group. With one exception in which oil 
was used, marked in the table, the solvent has been propylene glycol. 
Dutch rabbits have mainly been used, but the use of other breeds does not 
seem to have much influence on response. 

When given by mouth, testosterone appears to be less than J as active 
as when injected, while methyl testosterone is only slightly less active 
orally than by injection. When they are compared by a 3-day test, methyl 
testosterone has about twice the activity of testosterone. A group response 
of over 2-6 has not been obtained in these tests, and it is noteworthy that 
20 mg. doses of methyl testosterone given in the assay dated 3/9/38 did 
not elicit any greater response than doses of 10 mg. The alteration in 
volume from the usual I’O to 0'5 ml. in those particular tests can hardly 
have affected the oral potency, but may possibly have lowered the potency 
by injection. It seems possible that full proliferation is not obtainable 
•with these substances, and in no individual case has a higher index than 
3 been obtained. 
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Table V. The progestational activity of testosterone and methyl testosterone by 
the McPhail test, when given orally or by injection 


Dato of 
assay 

Sub- 

stance 

Route 

Total 

dose 

mg. 

Daily 

volume 

ml. 

No. of 
daily 
injec- 
tions 

No. of 
rabbits 

Breed 

Average 

re- 

sponse 

18/7/38 

Testo- 

Oral 

15 

1-0 

3 

3 

Dutch 

1-2 

24/10/38 

sterone 

IV 

Jf 

VV 


VV 

4 

Hima- 

0-5 

2/11/38 


ff 


0*5 

VV 

5 

layan 

Dutch 

0-8 

10/5/39 

vv 

ff 

VV 

1-0 

Vf 

M 

if 

•0-7 


If 

ff 

30 

Jf 

vv 

VV 

it 

0-9 

tv 


Injected 

15 

if 

IV 

IV 

it 

1-5 

ff 

ff 

ff 

30 

ff 

vv 

vv 

ft 

2-4 

26/6/38 

Methyl 

Oral 

15 

if 

vv 

4 

if 

1-9 

2/7/38 

testo- 

sterone 

If 

IV 

VV 


VV 

3 

Hima- 

2-0 

»» 

(in oil) 

It 

ft 

10 


5 

VV 

layan 

Lop 

2-3 

3/9/38 



5 

,, 

vv 

5 

Dutch 

0-7 

VI 

ff 

II 

10 

„ 

vv 

„ 

VV 

2*2 

ff 


tf 

20 

0-5 

vv 

ft 

vv 

ft 

7/8/38 


Injected 

15 

10 

3 

4 

vv 

2*3 

3/9/38 

II 

>> 

5 

VV 

5 

5 

vv 

ll 

If 

II 


10 

vv 

,, 

VV 

vv 

2*6 



,, 

20 

0-5 

IV 

IV 

vv 



Differences in response between species, and absolute differences in activity 
according to route of administration 

The difference in the relative potency of testosterone and methyl 
testosterone when tested on capons and on rats is a striking instance of 
the variation encountered in the assay of such compounds when different 
species, as well as different methods of administration, are used. Whereas 
in capons methyl testosterone is less potent than, or only just equal in 
potency to, testosterone, according to the method of administration, it is 
more potent than tlie latter m all tests with castrated male rats. Similar 
but less striking differences in the activities of other androgens have already 
been discussed by Emmens [193S]. 

The greater relative oral effectiveness of methyl testosterone, when 
compared with that of testosterone in the castrated male rat te.'^t, might 
be due to a relatively more effective absor])tion from the gut, but its low 
metrotrophic activity when given orally to ovarieetomized female rats 
seems to dispose of this po>sibiiity. In the rat, therefore, methyl te.-lo^^ler- 
one, when given by mouth, as eompared with injection, is a relatively belter 
aiulrugen lhai\ metrotroph. We have thus an example of a difference in 
relative nuihi])le activity due to eliange in tlie route of adjninL-: rat ion. 
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riio Iiigh oral encctivcncsa of methyl testosterone in causing progest 
tional proliferation in rabbits cannot bo put down to such an absolu 
change in the ratio between its several potencies, dependent upon tl 
method of administration, because its androgenic or other activities j 
rabbits have not been fully ascertained from our data. 

We already' know that a compound may have different potencies reli 
tive to another compound, when tested by different methods on the san: 
or different species, and may vary in potency on a given organ of a give 
species according to how it is administered. In the case of methyl test( 
steronc wo have also been able to show that it may e.xhibit, according t 
the method of administration, difference between the ratios of its activitie 
on different organs of the same species of animal. 

The reason for the last difference is not apparent, but it is possible tha 
the various activities of such substances as methyl testosterone are due 
not to the multiple activity of the one molecule, but to the separate proper 
ties of various breakdown products. If so, the relative intensity of thi 
various multiple activities would be determined by the proportions ii 
Avhich the breakdown or transformation products were formed, Avhich ii 
turn might well be influenced by oral as compared with subcutaneou! 
administration and by the species of animal receiving the parent substance 

St7M]\LrBY 

1. The androgenic and gynaecogenic activities of testosterone and 
methyl testosterone have been investigated in capons, rats, and rabbits 
by inunction and by oral and parenteral administration. 

2. Testosterone is much less active by mouth than by injection in tests 
for androgenic activity in the capon and castrated male rat, in metro- 
trophic tests on spayed rats or immature rabbits, and in tests for pro- 
gesterone-hlve activity in rabbits. 

3. Methyl testosterone, however, is almost as active by mouth as by 
injection in causing progestational proliferation in rabbits, and has a rela- 
tively greater activity by mouth in the other tests than has testosterone. 
When given orally instead of by injection to rats, its androgenic activity 
decreases much less than its power of causing an increase in uterine weight. 

4. Methyl testosterone is more potent than testosterone as an androgen 
in rats, but less potent in capons, and more potent than testosterone in 
the progestational tests whichever route of administration is considered. 
The two substances are about equally active in causing uterine growth in 
spayed rats and immature rabbits. 

Our best thanks are due to Dr. K. Miescher and Messrs. Ciba Ltd., for 
the supply of testosterone and methyl testosterone used in this work. 
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SOME BIOLOGICAL PROPERTIES OF ANHYDRO- 
HYDROXY-PROGESTERONE (ETHINYL 
TESTOSTERONE) 

Bv C. W. EM.MlOiWS and A. S. PARKES 
From the Xalioiud Institute for Malical liescarcli, Hampstead, London, AMK. 3 

{Received 19 Aiujusl IDoO) 

The capacity to evoke progestational cluinges in the uterine endoinetrium 
was originally thought to be specific to progesterone, the hormone of the 
corpus luteuni, a substance which is dilVicult to obtain in quantity, and 
which is inactive by mouth. Klein and Parkes [1937], however, found that 
testosterone and androstenedione have a slight progesterone-like activity, 
while the methyl and ethyl derivatives of certain of the androgens, not- 
ably methyl testosterone, have an activity about ^^^th that of progesterone 
itself. Since methyl testosterone differs from progesterone only in having 
the groups — OH and — CH 3 in position 17 instead of — H and — COCH 3 
this result, though disproving the supposed complete specificity of pro- 
gesterone, emjihasized the importance of the short side chain in conferring 
specific activity on progesterone. Recently, an important advance has 
been made bj’’ the addition of an ethinyl group to testosterone, giving a 
compound which differs from progesterone in the absence of H 2 and 0 
from the side chain, and in the presence of — OH instead of — H in the 17 
position [Inhoffen, Logemann, Hohlweg, and Serini, 1938,- Ruzicka, Hof- 
mann, and Mcldahl, 1938]. The progestational activity of this compound, 
anhydro-h 3 '^droxy-progesterone, 17-ethin}d-testosterone, or zl'^-pregnen- 
in-17-ol-3-one, was first described b}'’ Inhoffen and Hohlweg [1938] who 
found that it has ird of the activity of progesterone, giving a positive result 
in immature female rabbits in a total dose of 2 mg. However, the most 
important property possessed by anh 3 ^dro-hydroxy-progesterone is its 
oral activity, 4 mg. giving a positive result in Inhoffen and Hohlweg’s 
tests. In capons, no comb growth was obtained with 2 mg. Further con- 
firmatory observations followed by Ruzicka, et al. [1938], who found 
that 4-6 mg. by injection or 10 mg. given orally were effective in their 
tests. Courrier and dost [1939] have now shown that it is capable of 
maintaining pregnancy in spayed rabbits and that it is androgenic in 
castrated rats and in the chick comb test, both in doses of 10-20 mg. per 
day for 10 days. Clinical effects of the substance have been recorded by 
Salmon, Walter, and Geist [1939] and by Zondek and Rozin [1939]. 

The introduction of what seems to amount to an orally active form of 
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progesterone must be regarded as an important discovery, though the 
incidental biological properties of the compound must not be forgotten. 
We have already made a preliminary report on an investigation into these 
[Emmens and Parkes, 1939], and this is described in detail below. 

ilETHODS A^T> ReSUXTS 
Androgenic Activity on Cajpons 

Tests on induction of growth of the capon comb were carried out as 
described by Emmens [1939 6], using a 3-day test period, with one dose 
per day. Comb growth is expressed as the increase in length plus height, 
as measured on the day after the last injection or treatment. After pre- 
hminary tests, groups of 4 or 5 capons were used for a simultaneous com- 
parison of the activity of anhydro-hydroxy-progesterone when given by 
injection, by inunction, and by mouth. Owing to its low solubility in other 
media which can be used for injection, the compound was injected and fed 
to the birds in propylene glycol at a concentration of 2 mg. per ml., 10 mg. 
being given per day in each case. Inunction was made in nut oU at a con- 
centration of 0'5 mg. per ml., 0-05 mg. being given per day. The results 
are shown in Table I. 


Table I. Androgenic activity of anhydro-hydroxy-progesterone in the capon 

comb-growth test 


Routo 

Total 

dobo 

rag. 

Solvent 

Daily 

voliuno 

ml. 

No. of 
birds 

Average 

re^^ponbo 

inra. 

By injection 

30 

Propylene glycol 

5 

4 

4-G 

By mouth 

It 

»» »t 



3-5 

By inunction 

015 

Xut oil 

0-1 

5 



Although a very weak androgen, with about the potency of testo- 
sterone by injection, anhydro-hydroxy-progesterone is seen to be as active 
by mouth as by injection. By inunction it has about 100 times its potency- 
by injection or mouth, agreeing in this respect with otlier androgens which 
have been found to give corresponding ratios between -10 and 250 
[hhnmens, 1939 a]. 


Progc.^taiional Activity in Rabbits 

Progestational activity was as:^c^^ed by the .MePhail ic:,t [1931], Ucing 
immature female rabbits })rimed with otstrone, or by a modilicatiun of it 
in which 3 instead of 5 daily injections of the tc^t substance are given, 
l^o>itiYe rec>ponses were graded from \ to 1, whole mimbe.^;» corre.-[*un<iing 
with McPliails indices of d- to The rx>u!ts, given in Table JI, 
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conJirm thoso of previous workers in showing the liigh activity of the 
orally administered substance. 


Table II. FrogesUitional iiclivUy of (inhijilro-hijdroxy- 2 )rogcslcron& on the 

rabbit uterus 



Kouto 









Diito 

of ad- 

No. of 

Total 

No. of 

Daily 


Breed 

Average 


of 

minis- 

(lose 

adminu- 

vol. 


of 

re- 


Oiwiiy 

tration 

rabbits 

mg. 

trations 

ml. 

Solvent 

rabbit 

sponse 

Bongo 

S/5/38 

Subcu- 

taneous 

5 

5 

5 

1 

Oil 

Lop 

2-4 

2r‘3 


Oral 

i 

tr 

tt 

11 

Pro- 

pylene 

II 

20 

— 







glycol 




23/5/38 

i» 

3 

tt 

It 

II 

IV 

tt 

2*5 

2-3 

29/5/38 

tt 

5 

tt 

It 

II 

/O 

Hima- 

04 

0-1*5 







alcohol 

layan 



24/10/38 

Subcu- 

tt 

9 

3 

0-5 

Pro- 

Hima- 

1-8 

1-2*5 


taneous 





pylono 

layan + 









glycol 

.iVlbino 



l» 

Oral 

t» 

IV 

II 

II 

II 

II 

1-3 

1-1*5 

20/3/39 

Subcu- 

taneous 

tt 

5 

5 

IV 

II 

Dutch 

2*4 

1-3 

>> 

Oral 

4 

IV 

II 

IV 

IV 

IV 

2-4 

2-3*5 


By the McPhail technique, progesterone in a dose of 0-5 mg. (0-5 1.U.), 
whether injected over 3 or 5 days, gives a response of between 2 and 3. 
Anhydro-hydroxy-progesterone evokes this response with a total dose of 
5 mg. when given over 5 days in propylene glycol either orally or by injec- 
tion, but appears to bo less active in a 3-day test. !From Table II the 
following conclusions may be drawn: 

(а) Anhydro-hydroxy-progesterone is as active by mouth, when given 
in propylene glycol solution, as it is by subcutaneous injection in 
propylene glycol or in oil. 

(б) The compound is about i\jth as active as progesterone compared by 
injection, but indefinitely more active tlian progesterone by mouth. 

(c) The oral activity of anhydro-hydroxy-progesterone may be affected 
by the solvent, since a total of 5 mg. given by mouth in a 15% 
alcohol solution elicited a response of only 0'4, 3 of the 5 test 
animals showing no significant proliferation. 

Activity on the Uterus and Vagina of Spayed Eats 

The rats used in these tests were spayed 3 weeks before use, the body- 
weight of groups at the end of the tests averaging from 98 to 119 g. Tests 
were made by oral and parenteral administration by 5 injections or feed- 
ings, once daily for 5 days, with kilKng on the 6th day, 24 hours after the 
last injection. Vaginal smears were taken at killing, and the uteri were 
dissected out and fixed in aqueous Bouin’s solution for 24 hours, and 
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weighed on a torsion balance after a similar period in 70% alcohol. In 
another series of tests, both uteri and vaginae were fixed, sectioned at 7 ft, 
and stained with Erlich’s haematoxylin and counterstained with eosin. 

Preliminary tests showed that the activity of anhydro-hydroxy-pro- 
gesterone in increasing the weight of the spayed rat’s uterus is about the 
same by mouth as by injection. Eight groups of 5 rats per group were 
therefore simultaneously given 4 different total doses, by mouth and by 
subcutaneous injection in propylene glycol, the size of the doses being in 
geometrical progression. The volume per animal for injection was 1 ml. 
daily, and for oral administration 0*2 or 0*4 ml. daily. The results are 
shown in Table III. 


Table III. Activity of anhydro-hydrozy-jprogesterone in propylene glycol on 
the uterus and vagina of the spayed rat 


Route 
of ad- 

Total 

dose 

Average 

body 

weight 

Average 

uterine 

weight 

No. of 

No, with 
open 

Vaginal 

ministration 

mg. 

g- 

mg. 

rats 

vagina 

smears 

Injected 

0*5 

113 

23 

5 

2 

— ve 

ff 

1-0 

98 

21 

99 

4 

99 


2-0 

119 

28 

99 

3 

1-fvo 

99 

4-0 

113 

35 

99 

5 

44 - VO 

Oral 

0-5 

115 

21 

99 

0 

— VO 

99 

1-0 

94 

32 

4 

1 

99 

99 

2-0 

114 

33 

5 

3 

99 

99 

4-0 

115 

28 

»» 

1 


Controls 


IIG 

17 

10 

0 

(some comi- 
ti cation) 

— VO 


The relation of dose to response in tliis series of tests was very unsatis- 
factory, but the results serve to show that the activity on the uterus is 
about the same by either route, as far as the increase in weight is con- 
cerned. The activity on the vagina, however, both in causing vaginal 
opening and cornification, was less by moutli than by injection. Dos;ige 
by injection appears from this series to be approximately 4 times as effec- 
tive as by mouth in both cases. In a second series of tests, made primarily 
for the purposes of a histological investigation, vaginal cornification w;is 
produced in some of the rats receiving doses of 20 mg. given orally. The 
reaction of the rat uterus to progesterone has been described by Selye, 
Collip, and Thomson [11)35]. They distingiibh two plKL>es, the ‘fir^t 
proge>tational reaction*, characterized by a >lightly enlarged utenrs, a 
well-developed sub-mucos;i, with a j)oorly develo|K‘d mu,-cul.vr wall, and 
a lUerine epithelium with many mitotic ligiires and no cilia or .-vcrelion; 
ami the ‘second progc>tational rx-action*, in wliich the grt*atly enlar-reti 
uterus has a ciliated epitlielium with higher secretory evils. Ti*e muewa 
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forma many folds wlilcli project into the lumen, and the muscular wi 
is well developed. 

The reaction ot the uteri of ovariectomi/.cd rats primed with 2 dai 
doses of 10 of oestrone and injected for 5 days with 2 mg. or 5 in 
total ot progesterone was lirst studied. Uteri weighing between 36 ai 
40 mg. resulted from the lower dose of progesterone, and between *. 
and 00 mg. from the higher dose. They were apparently characteristic ' 
the ‘iirst progestational reaction’ described above, but muscle-layers we: 
quite well developed and few mitoses were seen (Plate I, Fig. 1). Eve 
with a total dose of 5 mg. of progesterone, the epithelium was very litt 
or not at all folded and was not ciliated. A total dose of 20 mg. of anhydr< 
hydro.x^'-progesterone (without previous treatment with oestrone) Avhe 
given by mouth, caused an increase in uterine weight to between 37 an 
59 mg. and the histological appearance was broadly similar to those treate 
with inogesterone, but with a larger lumen, folds in the epithelium, an 
a little less submucosal tissue. Total doses of 10 mg., given orally, produce 
uteri between 29 and 52 mg. with an appearance very like that given b, 
progesterone, but the e[)ithclium was again somewhat more folded. Wit. 
2 mg. the uteri weighed 23-32 mg. and presented a similar appearanct 
there being less development in all layers (Plato I, Figs. 2-3). injec 
tion, with the same range of doses, the compound produced very simila 
effects (Plate II, Figs. 4 and 5), but the uterine lumen was smaller in animal 
receiving a total of 20 mg. than in those given 20 mg. orally. However 
this was jDrobably due to the fact that the uteri of these particular rah 
did not increase so much in weight as did those receiving oral treatment 
being between 32 and 39 mg. In uteri of approximately the same weight 
regardless of the quantity of anhydro-hydroxy-progesterone producing it. 
a comparison of the oral and parental activities shows that, in general, 
a lai’ger lumen and a smaller amount of sub-mucosal tissue is present in the 
injected animals than in those receiving the compound by mouth (compare 
Plate I, Fig. 3, and Plate II, Figs. 4 and 5). It seems probable, as we 
already suggested [Emmens and Parkes, 1939], that the progestational 
effect of anhydro-hydroxy-progesterone is less complicated by its oestro- 
genic or other properties when it is administered orally than when it is 
given by injection, since its oestrogenic action on the vagina appears to 
be lower under the former conditions. 

Oestrogenic Activity in Spayed Rats a 7 id Mice 
From Table III, the dose required to produce 50% of cornified vaginal 
smears by injection into rats is seen to be about 3 mg., but, as the substance 
was given over a period of 5 days, a smaller dose would probably be effec- 
tive in a typical Allen-Doisy test, using 2 or 4 injections over 2 days. 
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Vaginal cornification produced by oral administration in such a rat is 
shown in Plate II, Pig. 6, and appears to be histologically t 3 Tpical. 

An approximate estimate of the amoimt required to produce cornifica- 
tion in spayed mice was made by injecting or feeding series of mice with 
graded doses, two animals on each dose given by each route, by two daily 
administrations in propylene glycol. All mice receiving more than 0-8 mg. 
by injection gave positive responses, all receiving less gave negative 
responses, while the two mice receiving 0*8 mg. gave one a positive and 
the other a negative response. The dose required to produce 50% of comi- 
fied smears is therefore approximately 0-8 mg. by this technique. Alice 
receiving up to 1*6 mg. orally gave negative responses, and it was not 
possible to give a higher oral dose than this, without either feeding a 
suspension of crystals or giving a toxic dose of the solvent. 

SUMilARY 

1. In the capon comb-growth test, anhydro-hydroxy-progesterone shows 
weak androgenic activity, but is equally active by mouth and by injection, 
having about gJath the activity of injected testosterone. 

2. Anhydro-hydroxy-progesterone is equally active by mouth and by 
injection in producing progestational proliferation in rabbits when given 
in propylene glycol, having about iQih the potency of injected progesterone. 

3. Anhydro-hydroxy-progesterone produces growth of the uterus of the 
spayed rat, without previous treatment with oestrogen. Its effects are 
very similar to those produced by progesterone in the uterus already 
primed with oestrone. It appears to be more effectively progestational 
when given orally, although of equal potency by mouth and by injection 
in causing an increase in uterine weight. 

4. Cornification of the vagina of the spa^’cd rat or mouse and vaginal 
opening in the spayed rat are caused by anhydro-hydroxy-progesterone. 
In these respects it is more active by injection than b 3 ' mouth. 

5. In addition to its high oral activity" in the different tests, anlu^dro- 
hydrox3^-progcsterone seems to bo the onl 3 ' compound so far described 
which has progesterone-like, metrotrophic, androgenic, and oestrogenic 
properties. 

We arc indebted to Messrs. Ciba Ltd. for the generous suppl3" of anhydro- 
hydroxy-progesterone used in these experiments, and to Dr. T. E. T. 
Bradshaw for assistance with the totals for inetrolrophic activit 3 *. 
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PLATE I 



Fig. 1. Uterus (weighing 60 mg.) of spayed rat after 
oestrono followed by 5 mg. total of injected progesterono. 
X 57. 



I’UJ. UtcniH (weighing GO mg.) of hpaytxi nit aficr Lterus (weighing 31 mg.) of 

•0 ing. of mihy tiro- hydro xy'proge.'itcrono given orwUy. after 2 mg, of anh\(ln>'h\iiruxy-pru- 

X G7. feVoterone gill a orally. .< G7. 


JOUIIXAL OF KSnoVKlSOWaY, Vox., r. No. 3. PLATE II 

E.MMENS .\.si) PAlUvK.S. 



•'lo. 4. UtoniH (woighiiig 37 mg.) of .spayed rat I’lo- Uterus (weighing 29 mg.) of spayed rat after 

iftor 20 mg. of itijected anhydro-hydroxy-pro- - »'g- of injeeted aidiydro-Iiydroxy-progesterono. 

gesterouo. X 97. X o7. 



Fia. 6. Vagina of spayed rat showing cornification caused by anhydro 
hydroxy-progesterone given orally. X 225. 



ANTERIOR PITUITARY FRACTIONS AND 
CARBOHYDRATE METABOLISM 

I. THE PREPARATION AND PROPERTIES OF 
DIABETOGENIC EXTRACTS 

By F. G. YOUXG 

From the National Institute for Medical Research, London, NdV. 3 
{Received 19 September 1939) 

In previous communications [Young, 1936, 1937 c, 1938 a] it has been 
shown that none of the following anterior pituitary fractions is diabeto- 
genic per se, when tested by the daily administration of large amounts to 
an intact dog: prolactin, thyrotropic hormone, glycotropic substance, 
gonadotropic substance, the latter being assayed by its ability to cause 
ovulation in the oestrous rabbit. ^lore recently, Houssa}’’ and Biasotti 
[1938] tested a number of anterior lobe fractions for ability to induce a 
diabetic condition in dogs from which the pituitary gland and most of the 
pancreas had been removed. The following substances were found to have 
no significant effect: prolactin, adrenotropic hormone, follicle-stimulating 
hormone, luteinizing hormone. 

The present communication records efforts to purify diabetogenic 
extracts of ox anterior lobe by fractionation with ammonium sulphate at 
0° C. The properties of crude and of purified diabetogenic extracts were 
examined, and some observations on their biological action also recorded. 

ilETHODS 

Biological 

Diabetogenic activity of anterior lobe extracts was determined b\' the 
daily injection of large doses into normal 3 ’oung male dogs for 1-3 weeks. 
Injections were made intraperitoneall}', and the amount administered dailv 
increased successive!}’ on the 4th, 7th, 10th, tfcc., day of treatment. The 
details of the method of administration have previously been described 
[Young, 1938 6]. A typical test is illustrated in Fig. 1. 

Thyrotropic nciiviiy w;vs assayed by ability to increase the weight of the 
thyroid gland of the immature guinea-pig, according to the method 
described by Rowlands and Parkes [1031]. The International Standard 
preparation of thyrotropic hormone, in terms of whidi the International 
b nit of activity is to be defined, not being available, it w;is i in ible to 
e\pa‘xs the ro>ults in actual International Units. By the <lecLion 
recorded, however, by the Third IiUernatitinal C<jnferenv.e on the 
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Stamlimli/.ution of Honnoiies lield at Clonova by the Health Organization 
ot the League ot Nationa in August 1938,* the international unit of thyro- 
tropic activity' whieli is to be defined in tonna of the International Stan- 
dard when that becomes available, should be closely similar in magnitude 



Fig. 1. Dog 57. Data relating to the diabetogenic action 
of the psoudoglobulin fraction. Daily injections of extract 
were begun on day 1. The figures on the arrows indicate 
tlio number of g. of fresh tissue equivalent to the dose of 
psoudoglobulin fraction injected daily, from that day until 
the day indicated by the next arrow. 

to that proposed by Rowlands and Parkes [1934]. The results of assays in 
the present investigations have therefore been expressed in terms of the 
temporary Rowlands-Parkes units, such a umt being defined as that 
amount of active material which, when administered subcutaneously on 
each of 5 successive days to a 200-g. female guinea-pig, doubles the weight 
of the thyroid glands. No substantial inaccuracy should be caused by 
assuming that the units so used will be practically identical Avith the 
International Unit. 

Gonadotropic activity was determined on the basis of ability to cause 
^ Bulletin of the Health Organisation of the League of Nations^ 1938, 7, 887. 
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ovulation in the oestrous rabbit. The results were expressed in terms of 
the units defined by Hill, Parkes, and White [1934], viz. the ovulation- 
producing activity required to cause ovulation in 50% of a group of not 
less than 10 oestrous rabbits, the extract being administered as a single 
intravenous injection. I am indebted to Dr. I. W. Rowlands for carrying 
out a number of these assays. It should be noted that as yet no Inter- 
national Standard Unit for the gonadotropic activity of pituitary sub- 
stances has been defined. 

Glycotrojpic activity of pituitary extracts was assessed on the basis of 
ability to induce chronic insensitivity to the hypoglycaemic action of 
insulin, the latter being administered to a previously treated fasting 
rabbit. This method has been described in previous communications 
[Young, 1936, 1938 c, d]. 

Growth-promoting activity was determined either on the hypophysecto- 
mized rat (male or female), or on the normal female rat. I am greatly 
indebted to Dr. E. Biilbring of the Pharmacology Department, University 
of Oxford, for carrying out the assays on the hypophysectomized animals. 
For this purpose groups of 5 hypophysectomized rats of 80-100 g. weight, 
which had previously not increased in weight over a period of 7 days, 
were each given 7 equal daily injections of extract, and the average weight- 
increase of the group over this period was determined. Assays on normal 
female rats were carried out by determining the mean increase in weight 
of a group of 10 rats averaging initially about 150 g. body-weight, during 
a period of 14 daily injections of extract. 

Chemical 

Preparation of extracts. Fresh ox pituitary” glands were used in these 
investigations, the glands being frozen and transported from the slaughter- 
house in solid carbon dioxide. The anterior lobes were dissected free while 
the glands were still frozen. All subsequent procedures were carried out 
at 0° C., or as near to this temperature as was possible. 

A crude alkaline extract was prepared by’’ grinding the minced anterior 
lobes with saline at pH S-5 ; the details of this procedure have already^ been 
described [Young, 1938 5]. In the present investigation two successive 
extractions were cfTectcd, in both cases the volume of saline for extraction 
being 2 c.c. for each gramme of fresh anterior lobe tissue. The combined 
pll 8-5 extracts were adjusted to pH 5-5-5, and the in.-oluble material 
centrifuged off, extracted at pH 8*5, and reprccipitaled at pH 5-5-5 three 
or more times [cf. Young, 1938 a]. The combined pH 5-5 >upernalant 
duids were treated according to tlio .scheme depicted in Fig. 2; the final 
fractions were: (a) material pix‘cipiiated by one*thinl .saturation with 
ammonium Milphate, and completely insoluble in aqueous solution fro.ui 
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j)II 8s) extract of ox anterior loben 

j adjuMt pfl to 5“5*5. 



hJoLL'IJLi: Kuactiok (I) (vol. = X c.c.) 

X 

Add ~ c.c. of sat. arnmon. sul- 

(phuto solution. 


1* 

i’ltKCHTrATi; 

\\a.Hlu'd twice with one-t}nrd SiU. aininor*. 
sulphate .^(>1. anil wiushin^M added to suluhio 
fraction (li). l)i>'oIvc<l at ])I[ Ss"! and ro- 
precipitated twice by one-third satunition 
with ainnu>niuin sulphate. Soluble fractions 
addetl to main soluble fraction («). IVecipi- 
tato dis.^olvi-tl at pH S'o and tlialvhOil u!\td 
Tree fiuin salts; any materiid reinaininj^ in 
solution after prolonged ilia lysis discarded. 
Precipitate ilissolved at pH S-o — kuglo- 

IIULIS KKACTION'. 


Pui:CICIT.VTK 

Washed twice witli lialf-sat , aminon.sulpliato 
sol. and washings udtled to soluble fraction 
(8), Dissolved at pH S'5 and rcprecipitatcd 
twice by half saturation with anunonium 
sulphate. Soluble fractions added to main 
soluble fraction (3). Precipitate dissolved at 
pH 8*5 and dialysed until free from salts; 
any precipitate formed as tlio result of pro- 
longed dialysis discarded. 

Solution = PSEUDOOLOBULIN FlttVCTION. 

I i 

Precicitatu Soluble Fraction (4) 

Wiishcd twice wdth saturated amnion, sul- Discarded, 

phato solution and washings discarded. 

Precipitate dissolved in water and dialysed 
until free from salts ; any precipitate formed 
as the result of prolonged dialysis discarded. 

Solution = ALBUMIN FRACTION. 

Fio. 2. Fractionation of fresh ox anterior lobe tissue. All these processes were carried 
out in the cold -room at 0° C. as far as possible. Precipitates were isolated by a combination 
of decantation and filtration whore possible, rather than by centrifuging. A special 
apparatus, designed by Mr. E. A. AVooIlett, was used for the automatic filtration of the 
largo volumes obtained (see Appendix). About 500 g. of fresh ox anterior lobe tissue was 
found to bo a suitable amount to work up at one time. 


Soluble Fractton (3) 


( Stir in solid ammon. sulphate 
until fully saturated. 


Soluble FiLvcrrio.v (2) (vol. = x+y c.c.) 

I 

( 

I 

I f x-hy 

! , Add — c.c. sat. amnion, sul- 

i ^ 

; (phato solution. 


t' 

PUEL’U’ITATE 

- - prolactin fraction. Uojjrccipitated a 
numl)er of time,; at [>11 5 .■>•5 and material 
.^olublt^ at thi-i pH added to main soluble 
fractiun (1). 
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which inorganic salts had been removed by prolonged dialysis {‘euglobu- 
lin fraction’); (6) material which was soluble in one^third saturated 
ammonium sulphate solution, but was precipitated when the concentra- 
tion of ammonium sulphate was raised to one-half saturation, and re- 
mained in solution when all inorganic salts were removed by prolonged 
dialysis ('pseudoglobulin fraction’); (c) material which was soluble in 
one-half saturated ammonium sulphate solution, but was precipitated by 
full saturation with ammonium sulphate, and remained in solution after 
prolonged dialysis {‘albumin fraction’). In some preliminary experiments 
the ‘pseudoglobulin’ and ‘euglobulin’ fractions were precipitated to- 
gether by half-saturation with ammonium sulphate, and the two fractions 
then separated by prolonged dialysis, the euglobulin fraction precipitating 
when inorganic salts had been removed, while the pseudoglobulin fraction 
stayed in solution under these conditions, No essential difference was 
found between fractions prepared by this method and those prepared by 
the method outlined in Fig. 2, but the latter method was ultimately 
adopted as being more likely to give a complete separation of the two 
fractions. 

In some instances, where storage at 0° C. for some time was necessary, 
the solutions of the final fractions were Seitz-filtered, but this process, 
with its attendant losses, was avoided wherever possible. No preservatives 
were added to the solutions, which were stored in the cold-room at just 
above 0° C. and used as soon as possible after preparation. It was found 
desirable to store the solutions without freezing, as irreversible coagula- 
tion of the euglobulin and pseudoglobulin fractions was prone to occur if 
the solution was frozen. The solutions were generally stored without the 
addition of salts, 0*9% of NaCl being added just before injection. It was 
sometimes found that a part of the euglobulin fraction had precipitated 
from solution in water at pH 8*5 when sucli a solution had been stored 
some days without added NaCl, but this precipitate readily redissolved 
w!ien 0-9^^ NaCl was added. 

The final volume of the solutions was so adjusted that 1 c.c. of water- 
clear solution contained material from about 2 g. of fresh anterior lobe 
tissue. 

The percentage of solid material in the dialysed solutions of the dificrent 
fractions was determined by drying known volunies to constant weiiiht 
at luo^ (\ ; the average re>ults are given in Table I. 

Clh miail Bhmd-siigar was c.*>timatcd on CM e.c. ckf blood bv 

the Hagedorn-densen mctho<l. 

Trine sugar was estimated by Benedict's mcthcHl. 

(JlycMgen was tleterinincd by a moililicatiun of the inetliod of Kvan-. 
Tsai, and Young 



F. a. YOUNG 


:\u 

Tilblo I. Amount of non-diidysiiblc solid mutcrud in j^rolein fractions from 

ox anterior lobe 

Mg. solid cqiiivalont to 1 g. of fresh tissuo 




Globiiiin fraction 

A 

Albumin fraction 


Total 

Kuglohuiin 

\ 

I^^eiidoglobulin 


Maxiiiunn 

. IM 

0-3 

7*9 

14*4 

Miniinuin 

r»o 

I-l 

• 1.0 

8*4 

Avenigo 

7-G 

J-YJ 


113 


The results aro basetl oa 8 e.xperimcnta 


Urine ketones were estinuitcd by the gniviinetric Denigcs-van Slyke 
inotliocl, or when tlie iiniount was too small to be estimated by the gravi- 
metrie method, by an approximate assessment on the basis of colour 
tests. 


Rksults 

Diabetogenic Activity 

The results are summarized in Table II, while the findings for dog 57, 
which received treatment with the pseudoglobulin fraction, are illustrated 
in Fig. 1. The results show that the euglobulin and albumin fractions 
exhibited no diabetogenic activity under the conditions of these tests, 
while the globulin fraction and its pseudoglobulin constituent possessed 
diabetogenic action in the intact dog. Nevertheless, the diabetogenic 


Table II. Tests for diabetogenic action on normal dogs 


Doso injected daily ; 



Number 

g, equiv. of fresh 


of 


tissue 


prepara- 

/ 


Fraction 

tion 

Min. 

Max. 

Whole B,, Cj, & 

40 

80 

globulin 

Do 

15 

50 

Euglo- 

Di 

20 

100 

bulin 

D* 

10 

30 


D, 

20 

CO 


Da 

20 

60 

Psoudo- 

Di & Da 

20 

100 

globulin 

Do 

10 

30 


D, 

20 

60 


Da 

20 

60 

Albumin B,, Co, & Da 

40 

80 


Dx 

20 

80 


Do 

10 

30 


Do 

15 

50 



Nimibor 
of daily 

Number 
of days 
on which 
glycosuria 

Maximum 

Number 

injections 

was 

glycosuria 

of dog 

given 

observed 

g*/day 

54 

7 

7 

94 

72 

9 

4 

31 

58 

13 

0 

— 

9 

0 

0 

— 

76 

8 

0 

— 

78 

9 

0 

— 

57 

14 

13 

97 

63 

9 

5 

6 

77 

8 

5 

17 

79 

9 

1 

6 

55 

6 

0 

— 

61 

13 

0 

— 

65 

9 

0 

— 

74 

9 

0 

— 
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activity of the pseudoglobulin fraction was not as great as might he 
expected; in fact, one of the tests, namely, that on dog 79, was barely 
positive. It seems, however, that dog 79 was somewhat abnormal and 
possessed an unusually high renal threshold. Subsequent treatment of 
this animal with a crude anterior lobe extract failed to induce a sustained 
glycosuria, although the blood-sugar level was in the region of 0*170%. 
Failure of normal dogs to respond to the diabetogenic action of a crude ox 
anterior lobe is, in our experience, very rare [cf. also Houssay and Biasotti, 
1938]. Of a series of 35 normal dogs treated 'svith a crude saUne extract 
of ox anterior lobe tissue, only one failed to exhibit glycosuria ; this animal 
was the only pregnant bitch in our series [Young, 1938 6]. 

In some instances dogs which had faUed to exhibit ’ diabetes when 
treated ^vith the euglobulin or albumin fractions, subsequently received 
daily injections of a crude anterior lobe extract. All these animals demon- 
strated their responsiveness to the diabetogenic action of the extract by 
exhibiting glycosuria and hyperglycaemia. 

Thyrotropic Activity 

Average results are given in Table III, which also includes for the 
purpose of comparison mean results for the initial crude alkaline extract 
of anterior lobe and for the pH 5-5*5 soluble fraction of this crude extract. 
There was considerable difference in the results for different preparations 


Table III. Thyrotropic activities of the different fraction expressed in 

Roivland-Parkes Units 



Crude 

alkaline 

extract 

pH 5-5*5 
soluble 
fraction 

Total 

Globulin 

Euglo- 

bulin 

Pseudo- 

globulin 

Albumin 

Uniu per g. Maximum 

13-2 

11-2 

9*2 

1*8 

8-0 

20 

equivalent of Minimum 

7*2 

5*9 

M 

0*1 

1*0 

0-4 

freah tissue Average 

00 

S*5 

4,4 

0-5 

10 

1-7 

Units per mg. Maximum 





1*0 

0*3 

1*3 

0-18 

substanco Minimum 

— 

— 

0*2 

00 

0-2 

008 

in fraction Average 

— 

0‘25 

0 5 

0‘15 

O'S 

O'lZ 


Tho rcanlta are based on -i experiments, 

of the same type of fraction, but it appears that the globulin and pseudo- 
globulin fractions, which are diabetogenic, possess more thyrotropic 
activity than the other fractions under consideration. On the average the 
pNCudoglobulin fraction contains about 40% of the thyrotropic subolance 
present in the original crude alkaline extract, wherv;is the albumin fraction 
contains Ic.ss than 20 % and the euglobulin fraction about 5% of the 
original amount. 
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Goaadot ro p ic Ac( i vilij 

Only a lew asrfuy.s for gonadotropic activity were carried out, but the 
residt.s ot these resembled those for thyrotropic activity in indicating 
greater activity for tlie pseudoglobulin than for the euglobulin fraction. 
Typical results are given in 'I’ablo IV. 


Table IV''. Gonadolropic adivilks of the different fradions 


Hi!I-ParkcM-\VIulo 

Per g. ccjiiiv. of fre.sli ti^ruio 
Per ing. of liry Hub.stanco in 
fraction 



Globulin 

fraction 

.“\lb unun 

Total 

Kuglobulin 

0-G 

- % 

Prtoudoglobulin 

310 

fraction 

35-0 

iVl’ 

0-2 

05 

4-2 


The albumiji fraction contains as much gonadotropic substance as do 
the total globulin or the pseudoglobulin fractions, and it is clear that the 
latter fractions do not possess diabetogenic activity b}'^ virtue of their 
content of gonadotropic substance. 


Gbjcolrojnc Adivily 

Typical results are illustrated in Fig. 3, from which it will be seen that 
there is no very great difference between the activities of the different 
fractions. The pseudoglobulin fraction is, however, slightly more active 
than the others on the whole, the albumin fraction and the euglobulin 
fraction being about equalty active, but a little less active than the 
pseudoglobulin fraction. 

Gro wth -promoting Adivity 

The results, which are summarized in Table V, indicate that greater 
growth-promoting activity is found with the pseudoglobulm fraction than 
with the other comparable fractions tested. The albumin fraction was 
found to possess little or no groAvth-promoting activity in our tests. 

Table V. Growth-promoting adivity of the different fradions 

Hypopliysectoniized rats Normal female rats 

, " — , , " . 

Daily dose. Daily doso. Growth above 

G. equiv. of Growth G. equiv. of that of controls 


Extract 

fresh tissue 

g./7 days 

fresh tissue 

g./14 days 

Crude extract 

— 

— 

0T25 

+ 3o 

pH 5“6‘5 sol. material 

0-2 

-fS 

— 

— . 

Whole globulin fraction 

0-5 

-fS 

— 



Euglobulin fraction 

2-0 

-f 8 

2-0 

O 

Pseudoglobulin fraction 

2*0 

+ 10 

2-0 

d” 20 

Albumin fraction 

1*0 

— 6 

2-0 

+ 4 
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MINUTES AFTER INSULIN HAD BEEN INJECTED 

Fic. 3. Glycotropic activity of the differ- 
ent fractions as indicated by tho glycacmic 
response to 2 units of crj’stallinc insulin ad- 
ministered intravenously to fasting rabbits 
which had previously been treated with tho 
fraction. 

Curfc A, Rabbit which had received 2 in- 
jections each equivalent to 5 g. of fresh tissue 
of the psciidoglobulin fraction. 

Curve B. Rabbit which had received 
similar treatment with tho same dose of 
euglobulin fraction. 

Curve C. Rabbit which had received 
himilur treatment with tho same doso of 
albumin fraction. 

Cunc D. Control experiment. Xo pre- 
vious treatment. 



Fig, 4. Glycotropic activity of a crude 
pituitary extract which had been heated at 
pH 10 on a boiling-water bath. 

Curve A, Rc3poru>e to 2 units of crystalline 
insulin of fasting rabbit which had received 
two injections of a crude pituitary extract, 
each equivalent to 0*8 g, of fresh anterior lobe 
tissue. 

Curve D, Response to 2 units of crj'atallino 
insulin of fasting rabbit which had received 
similar treatment w ith the sumo dose of ex- 
tract which had been heated at pH 10 on a 
boiling-water bath for 1 hour. 

Curve C, Control experiment. Xo pre- 
vious treatment. 


The JI cat-lability of the Diabetogenic Substance 

An anterior lobe extract which has been heated at pH 10 on a boiling- 
water bath for 1 hour still retains a large proportion of its glycotropic 
activity [Collip, 103S; Young, 193Se]. Neufeld and Collip [1938] showed 
that such a licatcd extract wa.s without diabetogenic action when injected 
into a normal dog, thus providing evidence confirmatory of the non-identit v 
of the diabetogenic and glycotropic sub.>tanees[ Young. 1930, 1937e, 193Sr, 
d]. In two exj>orimcnts on dogs we abo ob^^erved a eomjdetc lack of 
<liabetogciue action of a crude anterior lobe extract heated thu-^ at j)II In, 
although, as illus^trated in Fig. 4, no obvious diminution in glyeotrupic 
activity occurred ;ls the r\\’^ull of this treatment. 

Hou.s-ay. and .‘'Ub.setjuently the present autiior, iiave .-'tre.-.-ed the imj*<,-r* 
tanve of obtaining ab.'-uiulcly twAx ]>iluuary glamLs in .i frvj.ien ^ •-miitl' n. 
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and of preparing the extracts in the cold-room, in order to demonstrate 
the diabetogenic activity of anterior lobe extracts. In Table VI is recorded 
the result of an experiment in which a crude alkaline extract of ox anterior 
lobe was divided into two portions, one being allowed to remain at room 
temperature for 2-1: hours, the other being preserved at 0° C. Subsequently, 
that portion of the extract which had been allowed to become ‘stale’ at 


Table VI. Experiment on the stability at room temperature of a crude 

diabetogenic extract 


Dog 86 — fresh extract 

/ * 1 

Daily urine excretion 

Vol. 
c.c. 


Body 

wt. 


Injection 
g. cquivii' 
lent of 
fresh tis- 
sue /day 

0 
0 
0 
0 
0 
5 
5 
5 

10 
10 
10 
15 
15 

15 520 0 


0 

12'20 

570 

0 

11-90 

1020 

0 

12-10 

520 

0 

11-45 

850 

0 

11-65 

760 

0 

11-70 

1020 

0 

11-45 

850 

0 

11-00 

880 

0 

10-90 

1780 

0 

11-00 

2470 

0 

11-25 

2520 

0 

11-00 

2360 

0 

10-65 

2920 

0 

11-15 

3080 


Sugar 

Ketono 

Body- 

g- 

g- 

wt. 

0 

0 

12-50 

0 

0 

12-95 

0 

0 

13-25 

0 

0 

13-15 

0 

0 

13-40 

0 

0 

13-40 

0 

0 

13-40 

15-8 

0-01 

13-45 

52-0 

0-01 

13-95 

85-2 

0-10 

14-00 

63-0 

0-05 

13-90 

59-0 

0-01 

14-00 

58-4 

0-05 

14-85 

84-5 

0-05 

14-25 


Dog 85 — stale extract 


Daily urine excretion 


Vol. Sugar Ketone 

c.c. g. g. 

620 0 

630 0 

820 0 

820 0 

530 0 

740 0 

620 0 

1520 0 

790 0 

1680 0 

720 0 

740 0 

520 0 


room temperature was found to be without diabetes-producing activity 
(dog 85), while the other portion exerted the usual diabetogenic action 
(dog 86). The thyrotropic activity of the extract which had remained at 
room temperature for 24 hours Avas not in the least diminished, again 
demonstrating that thyrotropic extracts are not per se diabetogenic. 

Apart from indicating the instability of the diabetogenic substance 
under some conditions, the experiments with the material heated at pH 10, 
and that Avith the extract Avhieh had remained at room temperature for 
some time, all constitute excellent control experiments, illustrating the 
innocuous results of the daily intraperitoneal injection of large volumes of 
extract into dogs. Although the dogs exhibited no sign of diabetes Avhen 
receiving injections of ill-treated extract, dog 86, to Avhich Avas administered 
a carefully preserved anterior lobe preparation, exhibited a clearly defined 
diabetic condition. 


/Some Chemical Properties of the Different Fractions 

Table VII shows the results of some simple tests on the various fractions. 
It is interesting to note that the nitrogen content (Kjeldahl) of the 
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pseudoglobulin fractions appears to be somewhat higher than that for the 
other fractions. On the other hand, the Molisch test for carbohydrate resi- 
dues is much stronger with albumin fraction than with either of the two 
constituents of the globulin fraction. All three fractions gave precipitates 
with trichloracetic acid, sulphosalycylic acid, and with AgNOs- 

Table VII. Chemical properties of active fractions 


Test 

Pseudoglobulin 

Euglobulin 

Albumin 

Biuret 

-1-4- 

4-4- 

4- 

Xanthoproteic . 

4- 

4- 

4-4- 

Millon . 

-h 

4- 

4- -f- 

Hopkins-Cole . 

4-4- 

_l_ g_ 

? 

Molisch . 

V 

? 

g- -p 

Sulphur . 

4- 

4- 

4- -r 

Phosphorus 

Nitrogen (Kjeldahl) , 

? 

? 

trace 

16 * 2 % 

13 * 7 % 

14 - 4 % 


Solutions of the euglobulin and pseudoglobulin fractions are pale straw- 
coloured, but that of the albumin fraction is invariably dark red. The 
pigment in this fraction was identified by Dr. C. Rimington as methaemo- 
globin, but, as a crude extract of anterior lobe was found to contain 0 x 3 ^- 
haemoglobin and no detectable methaemoglobin, it appears that oxidation 
of the pigment must have occurred during the process of fractionation. 

The Influence of Diabetogenic Extracts on Liver and Muscle Glycogen 
Contents and on Liver Fat Content in the Intact Dog 

Houssay, Biasotti, and Dambrosi [1936] found that the average fasting 
liver and muscle glycogen contents of G dogs made diabetic b^' anterior 
lobe extract were 2-732% and 0*515% respectively, whereas the corre- 
sponding figures for 9 control animals were, respective!}', 2*105% and 
0*528%. These authors conclude that in dogs made diabetic b}' anterior 
lobe extract the liver gl^'cogen level is increased, whereas the muscle 
gl^'cogen content is little affected or slightl}' falls. Young [1937 5] found 
that both liver glycogen and muscle gl 3 ’cogen levels were abnormall}' 
high in intact rabbits which had been rendered insulin-resistant, but not 
diabetic, b}' treatment with anterior lobe extracts. 

Table VIII gives liver glycogen and muscle glycogen data for 5 control 
and for G diabetic dogs. The liver gl 3 'cogcn figures are exceptionall}- vari- 
able (imich more so than those of Houssay and his colleagues), and it 
caimot be iissumcd on the basis of these rcr^ults that there is ain* .•significant 
difference between tlic average figures for liver glycogen content of thc.-c 
two groups, although the average value for the diabetic animals i-, slight I 3 ' 
below th.it for the control group, and not above, as in the results of 

and his colleagues. Our figures for mu>c!e glycogen indicate an average 
Naluc winch ma}* be >ignificantl3' lower for the di.ibetic animaU, although 
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tho clifTcronco is not statistically significant on the basis of our limited 
number of observations. It is surprising that the general level of glycogen 
in our animals is so much higher tlian tliat in tlic animals of Hous.say et al. 


Table VIII. 

Data for glycogen 

and fat in 

■untreated and treated fasting dogs 


Liver 

Liver 

Mu.se lo 



glycogen 

fat 

glycogen 

Liver \vt. 


No. 

o/ 

/o 

o/ 

/O 

o/ 

/O 

% Jiody.wt. 

RoiunrlvA 

(a) Control do(js 






81 

7-05 

2-11 

1*50 

3*5 

— 

82 

2*75 

— 

1*01 

2G 

— 

83 

2-45 

3*72 

0*92 

2G 

— 

84 

405 

2‘GO 

105 

3*1 

Bitch 

93 

8-55 

— 

M2 

2*8 

— 

Averngo 

d-97 

2‘Sl 


2't) 





O'ODO 



(6) Dogs made diabetic hg crude anterior lobe extract 



IG 

1*40 

7-SO 

— 

— 

— 

75 

4-70 

— 

0-50 

— 

— 

78 

2*75 

3*83 

0*98 

— 

— 

8G 

1*58 

7*91 

0-85 

5*3 

— 

87 

4-58 

— 

0*84 

5*5 

— 

88 

G-45 

— 

M5 

5*G 

— 

Averngo 

5*55 

6-51 

0'S6± 

5*5 





0^106 



(c) Doga which had become 

refractor g to the diabetogenic action of pituitarg extract 

37 

4-00 

— 

0*75 

5*2 

Crude extract 

72 

9*90 

— 

2*25 

— 

Globulin fraction 

74 

4-50 

— 

M7 

— 

Crude extract 

77 

3-05 

— 

0-G5 

— 

Psoudoglobulin fraction 

79 

4*30 

2*2 

1*05 

G*2 

Crude extract 

Averngo 


— 

hl7 

— 



A few results for liver fat content [cf. Munoz, 1938] and for liver size are 
included in Table VIII. These figures show that both the liver fat content 
and liver size of the diabetic animals is increased. As the size of the liver 
appears to be greater in the diabetic animals, the total amount of glycogen 
in the liver is probably significantl}' greater than in the control dogs, 
although the proportion appears to be slightly less. 

Observations on the liver and muscle glycogen contents of dogs which 
had developed refractoriness to the diabetogenic action of the extract 
after showing an initial response, indicated that these values were not 
significantly different from those for control animals (Table VIII). 
Animals in this condition are still relatively insensitive to the hyiJO- 
glycaemic action of injected insulin [Young, 19396]. 

Discussion 

The results obtained in the present investigation show that diabetogenic 
activity is present in the globulin fraction of ox anterior lobe, but that 
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the albumin fraction shows no diabetogenic activity when administered 
daily to an intact dog. The diabetogenic activity of the globulin fraction 
is not found in the euglobulin constituent of this fraction, although some 
activity is found in pseudoglobulin fraction. In one experiment as little 
as 5*5 mg./kg. body-weight/day of the pseudoglobulin fraction w^as 
sufficient to initiate an intensely diabetic condition. On the whole, how- 
ever, the diabetogenic activity of the pseudoglobulin fraction was dis- 
appointing, and it seems probable that losses must have occurred in the 
course of preparation in spite of the fact that all the processes were carried 
out in the cold-room at 0° C. 

Except with dog 57, no serious attempt was made to convert the tempo- 
rary diabetes induced by the treatment with the pseudoglobulin fraction 
into a permanent condition, as was previously found possible with a short 
period of daily injections of crude extract [Young, 1937 a, 1938 d]. In the 
experiment with dog 57 (Fig. 1) the suppl}^ of extract was unfortunately 
exhausted before this result could be achieved. There is no reason to 
doubt, however, that a permanently diabetic condition could be produced 
by prolonged treatment with such a purified extract. The conditions 
under which the temporary diabetes is converted into the permanent state 
have recently been discussed [Young, 1939 6], 

The glycotropic and ketogenic [Gray and Young, 1939] activities of ox 
anterior lobe tissue are not present preferentially in the pseudoglobulin 
fraction, but are distributed among the euglobulin, pseudoglobulin, and 
albumin fractions. If the factors responsible for these effects are concerned 
in any way with the diabetogenic action, or are constituents of the diabeto- 
genic principle, although not themselves diabetogenic, then the relatively 
low activity of the fraction in which diabetogenic activity was found would 
be explicable. 

The thyrotropic hormone is concentrated to some extent in the pseudo- 
globulin fraction, and it has not proved i)ossibIe in our experiments to 
obtain a diabetogenic preparation low in thyiotropic activity. In a 
previous investigation, liowevcr, it was shown that the daily administra- 
tion of more than 300 Rowlands-Parkes units of tliyrolropiu hormone did 
not induce a diabetic condition in normal dogs, and in the pre>cnt in- 
vestigation the minimal effective doses of the p>eud(jglobuIin fraction 
contained less than loU units of thyrotropic Mib.-tance; >(» that there is no 


reason to believe that the diabetogenie activity of our fractions is due to 
the thyrotropic hormone contained therein. I'lUil a complete .reparation 
of the thyrotroj>ic hormone and tlic di.ibctogcnic priiici[j!e can be elfected, 
however, the (pic.^tion whether the tliyrotiojac hoinumc is a ioii-titucnl 
of a tiiabelogenic eum]»lcx mu>t be left t»pcn. 


'Ihe conclu.sion that the gomuh^ttopiv* ruit^taiac i.v-t di.il^.t< v'ernc 
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confirmed by the observation that the albumin fraction is as rich in gonado- 
tropic activity us tlie globulin fraction, or as the pseudoglobulin portion 
of the latter, but that the albumin fraction does not possess diabetogenic 
activity. 

Our finding that diabetogenic activity may be associated with the 
growth-promoting substance of anterior lobe extracts is in agreement 
with previous observations [Evans, Meyer, Simpson, and Reichert, 1932; 
Baumann and Marine, 1932; Shipley and Long, 1938]. The possibility 
may be considered [cf. Young, 1939 «J, in that connexion, that the nature 
of the response of an animal to the administration of a pituitary extract 
may be determined by the reaction of the islets of Langerhans of the 
pancreas. If the islets furnish sullicient insulin, the extract may induce 
nitrogen retention [cf. Mirsky and Swadesh, 1938; Harrison and Long, 
1938; Mirsky, 1939] and exhibit a growth-promoting action, but, if in- 
sufficient insulin is available, then the same extract may exhibit a diabeto- 
genic action. The results of Mirsky [1939] concerning the influence of 
anterior lobe extracts on protein metabolism are of particular interest in 
this connexion. It should be mentioned that Marks and Young [1939] 
liave shown that treatment of rats with crude anterior lobe extracts 
results in a substantial increase in the insulin content of the pancreas, 
without induction of a diabetic condition. It is of interest that our dogs 
usually increase in weight during the period of temporary diabetes induced 
by the daily administration of anterior lobe extract ; although one must 
hesitate to assume that this is a true growth, it may be so, and it is 
possible that the growth-promoting and diabetogenic activities of the 
extract can be simultaneously manifest. 

Whatever may be the case, it is clear that the rate of secretion of insulin 
by the pancreas will be of importance in determining whether or not an 
animal will respond to the diabetogenic action of an extract. Some strains 
of rat are peculiarly insensitive to the diabetogenic action of anterior lobe 
extracts [Long, 1937 ; Young, 1938 6], although, when a large part of the 
pancreas is removed from a rat of the same strain, the animal then becomes 
responsive to the action of the extract [Long, 1937 ; cf. also the experi- 
ments of Houssay, Biasotti, and Rietti, 1932, with partially depancreatized 
dogs]. The fact that the administration of anterior lobe extract increases 
the intensity of the diabetic condition of completely depancreatized dogs 
[Gerschman and Marenzi, 1935; Eoglia, Gerschman, Marenzi, Munoz, and 
Rietti, 1937] indicates that the diabetogenic action of the extract is, at 
least in part, a process more fundamental than that of depressing tlie r’ate 
of secretion of insulin by the pancreas. Nevei’theless, Houssay and Foglia 
[1936] have demonstrated that the pancreas of a dog made tempoi’arily 
diabetic by the administration of anterior lobe extract is secreting less 
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din than the pancreas of a normal dog, and Campbell, Keenan, and 
t [1939], confirmed by Marks and Young [1939], have shown that the 
icreas of such a dog contains only a small fraction of the normal 
ount of insulin. This diminished availability of insulin may be a secon- 
y effect of an extra-pancreatic action of the extract, causing a rise of 
od-sugar which may then induce such a response in the islets of Langer- 
IS as to deplete them of insulin ; or it may be due to a direct action on 
I pancreas, depressing the production of insulin. It is, therefore, not 
prising to find that an animal from which the major portion of the 
icreas has been ablated may develop a diabetic condition in response 
the administration of an extract which is ineffective in a normal animal, 
r instance, Houssay, Biasotti, and Rietti [1932], using non-diabetic, 
rtially depancreatized dogs, found that in 1 experiment out of 8 a dia- 
bogenic action of dog muscle extract was demonstrable, while 1 case of 
^cosuria was observed in 6 similar experiments with a crude extract of 
ef thyroid gland. On the other hand, Houssay, Biasotti, Benedetto, 
d Rietti [1932] found that diabetes was not produced in any of 19 
rmal dogs treated with extracts of muscle, thyroid, posterior pituitary 
3e, or adrenaline. Similar negative control experiments have been 
ported by other workers [cf. Young, 1938 6]. We have, therefore, pre- 
nred to use the dog with pancreas intact for the purpose of testing the 
ecific diabetogenic activity of anterior lobe fractions. Valuable results 
ay also be obtained with partially depancreatized animals, but the final 
icision whether an extract is diabetogenic in the normal animal must be 
ised on the result of a test with a normal animal. 

Shipley and Long [1938] have obtained interesting and important 
isults, using the partially depancreatized rats for the testing of the 
iabetogenic activity of extracts. Their observations indicate an associa- 
on between the ketogenic, diabetogenic, and growth -promoting activities 
f anterior lobe extracts, but these authors have succeeded in preparing 
‘actions which are diabetogenic under the conditions of their test, though 
ossessing no detectable thyrotropic and gonadotropic activities and con- 
[lining very little prolactin. A direct comparison of the activities of the 
ructions prepared by these authors and those described in the present 
ommunication would be of great interest, 

SUMMAUY 

1. By fractionation at 0"" C. with ammonium sulphate, ‘globulin', 
pscudoglobulin', ‘euglobulin', and ‘albumin* fractions were prepared 
Tom ox anterior pituitary tissue. Only the ‘globulin’ and ‘p^cudoglobu- 
in’ fractions were found to be diabetogenic when injected daily into 
aormal dons. 
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2. The diabetogenic fractions possessed thyrotropic, gonadotropic, and 
glycotropic activities, but preparations with such activities were not 
necessarily diabetogenic. The gonadotropic, thyrotropic, and glycotropic 
substances are therefore not diabetogenic per se in the intact dog. Extracts 
with diabetogenic activity were found to possess greater growth-promoting 
activity than non-diabetogenic fractions. 

3. Some chemical properties of active fractions are described. 

4. Dogs made temporarily diabetic by treatment with anterior lobe 
extracts were found to have less muscle glycogen, about the same amount 
of liver glycogen, and more liver fat, than do normal dogs under similar 
conditions. 
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Appendix. — A Simple Apparatus for the Automatic Filtration of 
Large Volumes of Liquid, Designed by E, A, Woollett 

The fractionation of diabetogenic anterior pituitary extracts requires the 
filtration of large volumes of liquid in the cold-room. A simple apparatus for 
automatically carrying out this operation has been designed by 'Mr, E. A. 
Woollett. It is described here as such apparatus may be of interest to those 
engaged in similar investigations. 

The apparatus consists essentially of (A) a 10-litre round-bottomed flask; 
(B) a siphon tube; (C) a 6-in. fuimel 
containing a fluted 27 cm. filter-paper — 

Whatman, No. 54; (D) a ‘ control’ tube 
the lower end of which is above the level 
of the lower end of the siphon tube in 
funnel C, and the upper end of which is 
above the level of the liquid in flask A , 

The control tube D carries a two-way 
tap F. When the siphon tube B trans- 
fers liquid from the flask A into the 
funnel C, liquid is drawm up into the 
control tube D from the funnel, and an 
equilibrium state is reached, in which 
the atmospheric pressure in flask A is 
sufficiently reduced to prevent more 
liquid flowing through the siphon tube B 
into the funnel. The level of liquid in 
the funnel falls as filtration proceeds and 
finally drops below the level of the lower 
end of the control tube D. A bubble of 
air then runs up the control tube and 
causes a rise of atmospheric pressure in 
the flask A , so that liquid can then flow 
through the siphon tube into the funnel 
C, The flow stops when equilibrium has 
been reached. In this way the contents 
of flask A are slowly and completel 3 " 
transferred to the funnel C in a controlled 
manner. 

Filtration can be most rcadil}’’ set in 
motion by connecting tube 6’ ^\ith the 
air-space in the flask A by means of suitable manipulation of the tap F, anti 
applying sufllcient pressure to drive liquid through the siphon into the funnel. 
Immediately liquid begins to flow, the tap F is brought to its normal jxxdtion 
and the control tube begins to operate. It is advisable to have the louer eiuK 
of the siphon and control tubes well tlown into tlie funnel C. 

It is, ot course, essential that the lower end of siphon tube B should always 
be below* that of control tube I), in order that tlie liquid column in the sij*hon 
tube shall remain intact. 
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Under suitable conditions the anaphylactic response of isolated smooth 
muscle of the guinea-pig affords an eas}^ extremely sensitive, and highly 
specific in vitro test for the demonstration of antigens and antibodies. 
The method has been found to be valuable in the work here reported, on 
account of the sensitivity of the tests and the jarecision of the response, 
for it was found that antibodies could only be demonstrated with difficulty 
when the more usual in vitro methods were employed. Precipitins in the 
sera of rabbits which had received prolonged courses of injection of a 
urinary gonadotrophin (Pregnyl) have previously been described [van den 
Ende, 1939], and the same antisera have been used for the passive sensi- 
tization of guinea-pigs. Results of the tests for sensitivity of these guinea- 
pigs to a variety of antigens are recorded in this communication. Not only 
can the presence of antibodies in the antisera be demonstrated by ana- 
phylaxis in vitro, but by comparison of the results obtained with gonado- 
trophic extracts on the one hand, and with known antigens from the same 
species on the other, an analysis of the antigenic complexity of the ui’inary 
gonadotrophins can be made. 

The method is, however, not suitable for the demonstration of anti- 
bodies in antisera produced in any species of animal. Thus, antibodies 
prepared in the horse, goat, or ox are incapable of producing passive 
sensitization of guinea-pigs ; presumably on account of the inability of the 
guinea-pig’s tissues to fix the antibody molecules as found in the serum 
from these species [Hartley 1937, 1938]. 

The anaphylactic response to hormones in the whole animal has pre- 
viously been studied by Smith [1934], using follicular fluids as antigens, 
and by Bernstein, Kirsner, and Turner [1938], using insulin. Smith con- 
cluded that species specificity could be demonstrated, and that follicular 
fluid was not auto -antigenic as was previously claimed by Lyons and 
Van de Carr [1930]. Bernstein et al., on the other hand, succeeded in 
eliciting the symptoms of anaphylactic shock, using crystalline insulin 
as antigen. This is in agreement with the demonstration by Lewis [1937], 
using the m vitro technique, that insulin is a complete antigen, immuno- 
logically free of any species characteristics. 
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More recently Bischoflf and Lyons [1939] have studied the immuno- 
logical properties of mammo trophic preparations. They conclude that 
mammotrophic extracts prepared according to the method described by 
Lyons [1937] from beef and sheep pituitaries are antigenically indistinguish- 
able as determined by the techniques employed for active and passive 
anaphylaxis, complement fixation and precipitation, as well as Dale and 
Arthus reactions. No species specificity could be demonstrated in the 
extracts. Their results cannot, however, be regarded as providing definite 
evidence of hormone specificity. The drastic treatment to which the 
pituitaries were subjected may have been enough to modify pituitary 
antigens other than the hormone sufficiently to mask any natural specific 
differences, which, owing to the close species relationship of the pituitaries 
used, might in any case have been very slight. 

Precipitation tests have hitherto failed to demonstrate hormone-specific 
antibodies in antigonadotrophic sera. These experiments on anaphylaxis 
in vitro were not only undertaken as affording another qualitative test for 
the presence of hormone-specific antibodies, but the method suggested 
itself also as possibly providing a simple and rapid test for the diagnosis 
of pregnancy, if such hormone-specificity could be shown. 

Methods 

Virgin female guinea-pigs weighing 225-50 g. were passively sensitized 
by the intraperitoneal injection of 1-0 to o’O c.c. of rabbit anti-Pregnyl 
serum. The antisera were actively antigonadotrophic, and were supplied 
by rabbits which had received daily subcutaneous injections of Pregnyl 
for 3 months or more. 

Forty-eight hours after injection of the antiserum the guinea-pigs were 
stunned by a blow on the head and exsanguinated. The dissected uterine 
strips were suspended in Locke’s solution according to the method de- 
scribed by Dale [1913]. One strip was tested for sensitivity to the homo- 
logous antigen (Pregnyl), and the other tested at the same time with one 
of the other antigens to be compared. These included the purified urinary 
gonadotrophins issued with the proprietary names Physex, Gonan, Prolan, 
Follutein, and an extract prepared from the urine of normal males by a 
method identical to that employed in the manufacture of Pregnyl (M.U.G.). 
The same preparations were used in the study of precipitins in antigonado- 
trophic sera [van den Endc, 1939]. Use was also made of a crude extract 
(alcohol precipitated) from the urine of a pregnant woman (P.U.G.), nor- 
mal human serum, and a gonadotrophic preparation from the serum of a 
pregnant woman. The available gonadotrophic extracts of pituitarv 
glands all contained suflicient posterior lobe principles (oxytocin) to make 
their use in experiments on the isolated plain muscle impracticable. 
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Several guinea-pigs were actively sensitized by a single intraperitoneal 
injection of urinary gonadotrophin, a latent interval of 3-4 weeks being 
allowed, and others were passively sensitized by injection of an anti- 
gonadotrophic serum, prepared in rabbits by prolonged injection of an 
extract of human pituitary. 



Fig. 1. Response of a normal guinea-pig uterus. 

At A. 10 mg. Prognyl ; B. 15 mg. Pregnyl ; C. -0 mg. 
of a crude extract from the urine of a pregnant 
woman (P.U.G.) ; D. 20 mg. of a crude extract from 
the urine of a normal man (N.M.U.). 

Results 

Some of the extracts (M.U.G., Pregnyl), when tested on normal uteri in 
the largest doses employed in this investigation, caused small, gradual, 
submaximal contractions, which could usually, without difficulty, be 
differentiated from true anaphylactic responses. In many expei'iments, 
single uterine strips were exposed to several different extracts in succes- 
sion. In such cases, the amplitude of the rhythmic contractions of the 
uterus progressively increased and at the same time non-specific responses 
to urinary extracts became greater. Thus at the end of some experiments 
5 to 10 mg. doses of Pregnyl or M.U.G. were found to elicit large, abrupt, 
non-specific contractions. These non-specific effects could, however, 
always be differentiated from anaphylactic responses, by the absence of 
specific desensitization in the former. Crude urinary extracts (P.U.G.) 
exhibited a greater non-specific activity in increasing the tone of normal 
smooth muscle, and for this reason doses larger than 20 mg. of such prepara- 
tions could not be used (Fig. 1). Such small doses of a crude extract con- 
tain less than the minimal amount of antigenic material required to stimu- 
late a genuine anaphylactic contraction, under the conditions of the tests. 

Pregnyl in amounts of 5 to 10 mg. regularly gave rise to maximal ana- 
phylactic contraction of sensitized uteri. Smaller doses (1-2 mg.) were 
equally effective, when more potent antisera, obtained after a period of 
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immunization of 6 months or more, were used for passive sensitization. 
Human serum (0- 1-0*25 c.c.) elicited a small specific contraction of sensitized 
uterine muscle, but after desensitization to human serum such a uterus 
was still capable of maximal response to any one of the purified gonado^ 
trophic urinary extracts: Prolan, Gonan, PoUutein, Pregnyl. 

The results of a typical experiment are shown in Pig. 2. 



Fig. 2. Response of two uterine horns of a guinea-pig 
passively sensitized with anti-Pregnyl serum, 1st horn: At 
A. 5 mg. FoIIutein added to the bath; B. 5 mg. FoUutein. 
2nd horn: At C. 0-15 c.c. normal human serum; D. 0*15 c.c, 
normal serum — showing specific desensitization; E, 5 mg. 
Frolan ; F. 5 mg. Prolan. 


Anaphylaxis in vitro has established that Gonan and Prolan are similar 
to Pregnyl in antigenic composition. Not only do both of these extracts 
(Gonan or Prolan) contain antigens other than serum proteins capable of 
reacting specifically on smooth muscle sensitized to Pregnyl, but specific 
desensitization to either of them results also in the loss of sensitivity to 
Pregnyl, and vice versa (Fig. 4). Physex', on the other hand, differs from 
Pregnyl; a uterus passively sensitized with rabbit anti-Pregnyl serum 
responds with an anaphylactic contraction on contact with Physex, but 
retains a residual sensitivity to Pregnyl (Fig. 5). The experiments show 
clearly, therefore, that Prolan, Gonan, FoIIutein, Pregnyl, and Physex 
are complex antigens, for they all contain a species antigen, and the first 
four another common antigen, wliich appears to be absent from Physex. 
It is possible that there exists yet another antigen or antigenic grouping 
common to the series, on which the hormone activity" depends. The hor- 
mone activity of an extract is, however, no indication of the power of that 
extract to elicit an anaphylactic response. Pregnyl, which is obtained 
from the urine of pregnant women, iias 250 times the gonadotrophic 
activity of M.U.G., an extnict prepared from the urine of normal men. 
Comparison of these two preparations is therefore of great intere^^t. Fig. 3 




Fio. 3. Responso of two utoruio homs of a 
guiiiea-pig passively sensitized with anti-Prognyl 
serum. Ist horn: At A. 2 mg. M.U.G. (male 
urinary extract) ; B. 6 mg. Pregnyl. 2nd horn: 
At C. 2 mg. Pregnyl; D, 6 mg. Pregnyl; E. 
0*002 mg. Histamine. 



Fia, 4. Response of two uterine homs (1 and 2) 
of a guinea-pig passively sensitized with anti- 
Pregnyl serum. 1st horn: At A. 2 mg. Pregnyl; 
B. 4 mg. Pregnyl. 2nd horn : At C. 2 mg. Gonan ; 
D. 4 mg. Pregnyl; E. 0*002 mg. Histamine. 



Fio. 6. Response of the uterus of a guinea-pig passively sensitized 
with anti-Pregnyl serum. At A. 0*1 c.c. human serum ; B. 0*1 c.c. human 
serum ; C. 10 mg. Physex ; D. 10 mg. Physex ; E. 10 mg. Pregnyl ; F. 10 rag. 
Pregnyl ; G. 0*002 mg. Histamine. 
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shows that the responses of two horns of the same sensitized uterus are 
approximately equal for the two preparations. Antigenically, therefore, 
these extracts are apparently identical, in spite of the wide difference in 
their gonadotrophic potencies. 

The gonadotrophic principle from the urine of pregnancy is of placental 
origin, and its physiological effects differ from those of gonadotrophins of 



Fig. 6. Response of the uterus 
of a guinea-pig passively sensi- 
tized with anti-human pituitary 
serum. At A. 0*2 c.c. human 
serum (R. Ringer changed); B, 
0*2 c.c, human serum; C. 10 mg. 
Fregnyl; D. 0-002 mg. Histamine. 


Fig. 8. Response of the uterus of a 
guinea-pig passively sensitized with anti- 
Pregnyl serum. At A. 0*25 c.c. human 
serum (a previous addition of 0*15 c.c. 
resulted in a small contraction only); B. 
10 mg. of a gonadotrophic extract from 
the serum ofa pregnant woman; C. 10 mg. 
Pregnyl; D. 10 mg. Pregnyl. 


pituitary origin. Similar placental gonadotrophins occur in the blood- 
serum of pregnant women. The establishment of antigenic relationship, if 
any, between human serum and urinary gonadotrophins would therefore 
be of great interest. Results obtained give further evidence of the absence 
of hormone specificity of the antibodies in anti-Pregnyl sera. Thus, when 
a uterus passively sensitized with anti-Pregnyl serum has had its sensitivity 
to human serum abolished, not only does it fail to react to contact with an 
actively gonadotrophic extract from the serum of a pregnant woman, but 
such contact does not affect the anaphylactic response subsequently 
elicited by Pregnyl (Fig. 8). 

Owing to the oxytocic properties of the pituitary gonadotrophins 
available, it was impracticable to test their anaphylactogenic power on 
smooth muscle m vitro. To compare pituitary' gonadotrophins with those 
extracted from urine, therefore, recourse was made to an antigonado- 
trophic scrum from rabbits injected with human pituitary extract. The 
smooth muscle of guinea-pigs passively sensitized by a single intra- 
peritoneal injection of 5 c.c. of this serum showed specific sensitivity* to 
human scrum proteins, but when it had been desensitized to these gave no 
reaction to urinary gonadotrophic extracts (Fig. 6). 
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In guinea-pigs actively sensitized to Prcgnyl tlie degree of sensitivity 
to normal human scrum proteins was greater than in the passively sensi- 
tized animals. In passively sensitized uteri one reaction to gonadotrophins 
resulted in complete desensitization of the smooth muscle to human serum 
as well. After active sensitization, on the other hand, a single resj^onse to 



Fig. 7. Response of tho two uterine horns of a guinea-pig actively 
sensitized with Pregnyl. 1st horn: At A. 6 mg. Prognyl; B. o mg. 

Prognyl; C. O'l c.c. human serum. 2nd horn: At D. 0*1 c.c. human 
serum; E. O’l c.c. human serum; F. 5 mg. Pregnyl. 

a urinary gonadotrophin resulted in the loss of sensitivity to subsequent 
application of the gonadotrophin, but left sensitivity to human serum not 
perceptibly impaired; and, similarly, one response to serum resulted in 
loss of sensitivity to further contact with serum, while urinary gonado- 
trophin was still capable of eliciting a typical anaphylactic response 
(Fig, 7). The ineaning of this difference between the actively and passively 
sensitized plain muscle, in respect of desensitization to human serum, is 
considered in the Discussion. 


Discussion 

By anaphylactic methods it has been possible to confirm the results 
previously obtained with precipitin tests on antigonadotrophic sei’a. 
Antiserum prepared in rabbits against one preparation of human urinaiy 
gonadotrophin (Pregnyl) is capable of inducing sensitivity in the guinea- 
pig, as a result of which a specific anaphylactic contraction of the isolated 
uterus can be obtained, when any one of a variety of human urinary 
gonadotrophic extracts is used as test antigen. 

Precipitation experiments have shown that Pregnyl contains more than 
one antigen, and the presence of precipitins for human serum proteins, 
as well as for urinary antigens, could be quantitatively demonstrated in 
anti-Pregnyl sera. The antisera used in tlie precipitation tests were ob- 
tained from rabbits after periods of immunization of at least 3 months. 
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The presence of precipitins for human serum proteins may therefore be 
the result, either of loss of specificity occurring after prolonged immuniza- 
tion with a siagle antigen other than a serum protein, or of the actual 
presence of traces of serum proteins in the hormone extract used for 
immunization. The present experiments confirm the complex antigenic 
nature of Pregnyl, and show further that, of the antigens present, one is a 
species specific serum protein, while another is specific for urine. They 
confirm, therefore, also the demonstration of species specificity of mine 
previously shown by Rhein [1913], Kamekura [1925], Uhlenhuth and 
Seiffert [1929], and others. 

When guinea-pigs were passively sensitized to one of the urinary ex- 
tracts by means of serum from a rabbit which had received a long course 
of immunizing injections of that extract, the plain muscle showed a slight 
sensitivity to human serum proteins, but this was completely discharged 
when the muscle had responded to an effective dose of the urinary extract. 
On the other hand, active sensitization of a guinea-pig with the same 
extract produced a condition in which the plain muscle was proportionally 
more sensitive to human serum, in that it still gave a full reaction to this 
when it had reacted to the urinary extract used in sensitization and had 
thereby been rendered completely insensitive to a further similar applica- 
tion of the same extract. In seeking for an explanation of this anomaly, 
two points should be borne in mind. Active sensitization required only a 
very small dose of an efficient antigen [see Wells, 1925; Rosenau and 
Anderson, 1906], and there is good reason for expecting that serum pro- 
teins would act more efficiently and more quicldy as antigens in this con- 
nexion than the antigenic substances peculiar to a urinary extract. Even 
though the proportion of serum protein present in a urinary extract is 
probably extremely small, it is accordingly not surprising to find the 
plain muscle of the actively sensitized guinea-pig showing relatively high 
sensitiveness to liuman serum proteins, wiiich the minute quantity of 
these present in the dose of the urinary extract first applied is not capable 
of discharging, so that the plain muscle will subsequently react to a dose 
of human serum representing a large multiple of that to wiiich it has 
already been exposed. On the other hand, serum from a rabbit subjected 
to a long and intensive course of immunization with the urinary extract 
may be expected to contain precipitating antibodies directed chiefly 
against antigens peculiar to urine, and in which antibodies for serum 
proteins form only a very small proportion. In the passive sen^itivene.-s 
produced by such a serum anaphylaxis to human serum proteins will be a 
relatively very small component, and it is not surprising to find tliat it 
can be completely discharged by a reaction of tlie plain muscle to an 
adecpiate dose of the urinary extract. 
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It has previously been shown that the precipitins for serum proteins 
present in the anti-Pregnyl sera possess no antigonadotrophic properties. 
In testing for the presence of antibodies specific for gonadotrophic hor- 
mone from any source it has been important, therefore, to avoid the 
confusion which might arise from the presence in all extracts con- 
taining this hormone, of antigens having no hormonal significance, but 
carr3dng species specificity, such as serum proteins. It was found that in 
a uterus, actively or passively sensitized to urinary gonadotrophin, which 
had, for tliis reason, been desensitized to the specific effect of human 
serum, before testing its anaphylactic response to different gonadotrophic 
extracts, the sensitivity which it retained was for gonadotrophic 
extracts of nrinary origin only. Gonadotrophic extracts obtained from 
human serum, or from human anterior pituitary lobes, possess no anti- 
genic relationship to nrinary gonadotrophins, other than the possession 
of a common serum protein constituent. 

Even the fact that most gonadotrophins of nrinary origin appear in these 
jxperiments to be antigenically similar only proves that they possess at 
least one urinary antigen in common, and gives no information as to the 
antigenic property of the gonadotrophic constituent. That antibodies are 
evoked by an antigen not necessarily related to the hormone is shown by 
the similarity of the results obtained with two extracts differing widely in 
gonadotrophic power, viz. Pregnyl and the male urine extract, M.U.G. ; 
the former possessing 260 times the activity of the latter. It must be 
concluded, therefore, that this particular method, like the precipitation 
reaction, has failed to demonstrate the presence of hormone specific anti- 
bodies in antigonadotrophic sera. If, as is still possible, the hormone does 
possess antigenic powers, either alone or in combination with a non- 
specific carrier antigen, its power of eliciting antibodies demonstrable by 
the anaphylactic as by the precipitin reaction is extremely weak, in 
comparison with that of the multiplicity of other antigens present in 
urinary gonadotrophic extracts. 


SUMMABY 

Experiments in which antibodies were demonstrated by anaphylactic 
sensitization confirm those of precipitin tests on antigonadotrophic serum. 
The isolated uteri of sensitized guinea-pigs react specifically to contact 
with xninary extracts irrespective of their hormone content. 

Sensitivity to human serum is also induced, but anaphylactic re- 
action to urinary extract is present even after specific desensitization to 
serum. 

By active sensitization to urinary extracts, a higher degree of sensitivity 
to species (serum) antigen is induced than bv nassive sensitization. This 


URINARY GONADOTROPHIN ANAPHYLAXIS 365 

can be explained by the occurrence of traces of serum proteins in the 
urinary extracts. 

The demonstrable antibodies evoked by urinary gonadotrophin are not 
hormone specific. 
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{Received 13 September 1939) 

It is now well known that many androgenic substances possess certain 
gynaecogenic properties and it is therefore not surprising that administra- 
tion of androgens has been found to promote mammary development in 
the rat [Selye, McEuen, and Collip, 1936; Nelson and Gallagher, 1936; 
Astwood, Geschickter, and Rausch, 1937 ; Reece and jVIixner, 1939], mouse 
[van Heuverswyn, Folley, and Gardner, 1939], and guinea-pig [Bottomley 
and Folley, 1938a]. These observations assume added significance in view 
of recent reports on the clinical use of testosterone propionate for the 
treatment of certain mastopathic conditions in women [see Turpault, 
1937 ; Desmarest and Capitain, 1937 ; Loeser, 1938], The rationale of such 
treatment must presumably lie in an attempt to reduce the oestrogenic 
stimulation of the breast by suppression of the gonadotrophic potency of 
the pituitary. In view of the fact that the agent used for this purpose is 
known to exert direct growth, and in some cases secretory, effects on the 
mammary gland in rodents, studies of the effects on the mammae of 
androgenic stimulation in primates are of considerable importance in 
assessing the safety or otherwise of the clinical use of male hormone in 
women. 

Unfortunately, such studies on primates are very scanty, but since 
Geschickter and Astwood [1937] reported mamniar}’’ alveolar growth 
following testosterone propionate administration in the rhesus monkey, 
while Folley, Guthkelch, and Zuckerinan [1939] described papillomatous 
changes in the mammary duct epithelium of the same species after testo- 
.sterone propionate administration and also observed alveoli to be prec^ent 
ni some male glands after treatment, the importance of acquiring further 
data on the results of androgenic stimulation of the primate mammary* 
gliuul needs little emphasis. 

' KtH'Ui'felKr Kouiulation Follow on lonvo from ti;o Jn^liluto fur iiovtarc/j in 

D.uryin^’, Fnivorbity uf Uo;ulinj:. 
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Methods 
Material and experimental animals. 

The following crystalline androgens were used : testosterone propionate, 
cis-androsterone, A‘'-<ra7J6'dehydroisoandro3terone, and A'^-^mJisandro- 
stenediol. The experimental animals were pre-adolescent female rhesus 
monkeys. The weights of the animals at the time of the experiment 
ranged from 1,800 to 2,500 g., and in most cases the mammary gland was 
beginning its peripheral extension and elaboration. Ovariectomy was 
done under intraperitoneal ‘ Nembutal’ anaesthesia, the right mammary 
gland being removed at the same time as a control. Injections were begun 
a few days after the operations. At the end of the injection period each 
animal was killed and the remaining mammary gland removed. In all 
cases save one the androgens were injected in solution in olive oil (the 
solvent in the case of Mm 413 was jDeanut oil), the oil volume being kept 
as low as possible. Data relating to the experimental animals and then* 
treatment are given in Table I. 

Histological methods. 

Each gland, whether removed at operation or autopsy, was fixed and 
stained as a whole. At autopsy, however, the gland could be removed 
with the skin in order to lessen the distortion. Fixation in Bouin’s fluid 
was followed by staining Avith alum carmine and clearing in cedanvood 
oil. Small blocks of tissue for microscopical study were cut from the whole 
mounts, sectioned, and restained with haematoxyhn. 

Results and Discussion 

Our material includes preparations from a series of animals receiving 
widely different total doses of testosterone propionate. Further, the 
control glands made it possible to arrange the animals in a series so that 
the effect of testosterone propionate was investigated not only on glands 
consisting of a few unbranched ducts, but also on a gland with alveoli 
and beginning lobule formation and glands at intermediate stages. In no 
case Avas there any evidence Avhatever that testosterone propionate had 
caused any groAvth of the mammary ducts (see Plate I, Figs. 1 and 2). 
The absence of connective tissue proliferation, and the fact that the ter- 
minal buds Avere thin-walled and ballooned, appeared to rule out groAvth 
of the gland by extension, Avhiie no increase in complexity of the duct 
systems could be detected. Furthei’more, in none of our three animals 
Avith rudimentary glands (i.e. glands in Avhich the duct system Avas not 
very extensive and in Avhich there Avere no alveoli prior to treatment) 
Avas there any evidence that the treatment had caused alveolar develop- 
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merit. The control gland of Mm 490 (Plate I, Pig. 2) showed signs of 
beginning alveolar formation, and after treatment with testosterone pro- 
pionate there was some proliferation and organization of alveolar elements. 
In the case of Mm 413 in which, at the beg inn ing of the experiment, the 
mammae contained a fair amount of alveolar tissue, the gland after 
treatment was considerably more dense than the control (Plate I, Pig. 3). 
Examination of the whole mount and of histological sections (Plate I, 
Figs. 4 and 5) indicates that the change is largely due to distension of the 
ducts and alveoli by accumulation of secretion, but there has also been 


Table I 


No. of 

Body-weight 

Androgen 

monkey 

at operation 

g* 

administered 

Mm 493 

2250 

Testosterone propionate 

Mm 490 

1945 

>» >> 

Mm 413 

2470 


Mm 488 

19C0 

>» >» 

Mm 487 

2435 

n <> 

Mm 489 

2000 

cisandrosterone 

Mm 491 

1855 

A®-/rartidehydroi5o- 

androsterone 

Mm 492 

2080 

A®-/ranjandrostcnediol 


Total 

Injection 


amount 

period 

Remarks 

mg. 

days 


100 

68 

10 mg. once a week. 

100 

10 

Four spaced injections uf 25 mg. 

388 

65 

Weekly injections of 40 mg. were 
given over the greater part of 
the injection period. 

1000 

65 

Injections of 100 mg. given twice 
weekly beginning 5 days after 
operation. 

2000 

65 

Injections of 200 mg. given t\Wco 
weekly beginning 5 days after 
operation. 

1350 

60 

Five equal injections of 30 mg. 
per week. 

1500 

CO 

Three spaced injections of 60 mg. 
per \\ eek. 

450 

60 

Five injections of 10 mg. per 
week. 


some growth of new alveoli. Under the high power (Plate I, Pig. 5) can 
be seen regions in which the glandular epithelium is puckered in an 
irregular manner, reminiscent of ‘ heaping ’ of the duct epithelium described 
by Policy et al. [1939]. Treatment with testosterone propionate, therefore, 
in the monkey, appears only to cause alveolar growth in glands already 
containing alveolar tissue. Since details of Geschickter and Astwood’s 
[1937] experiments are lacking and control glands are not shown, it is 
not possible satisfactorily to discuss their results in relation to ours, 
beyond pointing out the possibility, in view of our findings, that alveolar 
tissue existed in the glands of their animals prior to injection. 

Our experiments, further, clearly show that despite the fact that except 
ni the presence of pre-existing alveoli, testosterone propionate cau.sed no 
mammary growth, it nevertheless markedly affected the mammary duct 
«yj>tcin by causing gross dilation of the ducts, due to distension by secretion 
from the epithelium. This result was obtained in all experiments with 
testosterone propionate (see Plate I, Figs. 1, 2, and 3, which are typical), 
in all animals receiving testosterone propionate a colourless. .''Crous fluid 
could be expressed from the nipples. In the case of Mm *113 the :jecretory 
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process had proceeded to the point at which tlie ducts were characterized 
by a cystic condition, the bulbous enlargements at their ends being 
particularly noticeable (Plate I, Fig. 3). Under the conditions of our 
experiments, therefore, treatment with total doses of testosterone px’o- 
pionate ranging from 100 mg. to 2,000 mg. causes secretory changes in 
the mammary epithelium of the rhesus monkey. 

As regards other androgenic substances, treatment with A^-tmns- 
dehydrowoandrosterone affected a rudimentary gland in a way similar to 
testosterone propionate, though the degree of duct dilation was not as 
great, while in the one experiment with A^-<ra«5androstenediol only a 
small degree of dilation was apparent. In this case, however, it was onl}'^ 
possible to administer a comparatively low dose of the androgen because 
of its low oil solubility, together with the advisability of keeping the 
injected oil volume within reasonably Ioav limits. Nevertheless, though 
the dosage of A^-ira?i5androstenediol was somewhat greater than that 
of testosterone propionate given to Mm 413, the effect on the mammary 
gland in the latter case was far greater than in the former. Lastly, it is 
important to note that administration of a high dose of cisandrosterone 
had practically no noticeable effect of any sort on a mammary gland. 
In this connexion it is of interest that cisandrosterone was the least 
active of a series of androgens in causing mammary duct growth in the 
male mouse [van Heuverswyn et al., 1939]. It should be stated that the 
glands taken from the animals receiving the last three androgens contained 
no alveolar tissue before treatment and none after. 

Taken as a whole, these results indicate the existence of species differ- 
ences as regards the effect of androgens on the mammary gland. Treat- 
ment with androgens appears to cause no mammary duct growth in the 
spayed pre-adolescent female rhesus, neither does such treatment promote 
alveolar development except in glands in which alveoh already exist. 
On the other hand, in the mouse [van Heuverswyn et al., 1939] androgenic 
stimulation causes duct development in the male. In the rhesus monkey 
the most consistent and striking effect of androgens (particularly with 
testosterone propionate and hardly noticeable with cisandrosterone) on 
the mammary gland consists of the induction of a secretory condition 
of the epithelial cells, which in turn leads to dilation of the ducts. Further, 
in glands containing alveolar tissue, testosterone propionate appears to 
cause an abnormal folding or ‘heaping’ of the glandular epithelium. In 
a moderately mature gland (Mm 413) these processes have resulted in an 
abnormal condition. 

In the absence of parallel experiments on hypophysectomized monkeys 
it is impossible to say whether or not the secretory effect is mediated by 
the pituitary, though Reece and Mixner [1939], who observed a similar 
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secretory phenomenon in the mammary gland of the rat after treatment 
with testosterone propionate [see also Selye et ah, 1936], concluded that 
the pituitary was involved, since an increase in the "lactogen’ content 
(assayed on pigeons) of the latter occurred. 

In view of the possibility that, in the human, testosterone propionate 
might induce abnormal changes in the mammary epithelium similar to 
those found in the rhesus monkey, the need for caution in the use of 
testosterone propionate for clinical purposes in women is obvious. On 
the other hand, in considering the applicability of these results to women it 
must be borne in mind that the total doses per kg. given in these experiments 
are much higher than the doses usually administered to women. Neverthe- 
less, the comparative freedom of ci^androsterone from the undesirable 
property under discussion coupled with the fact that androsterone is 
capable of causing pituitary "suppression’ in the guinea-pig [Bottomley 
and Folley, 19386] suggests that its possible application for the treatment 
of "mastitis’ in women would be worthy of clinical trial. 

SuiOIAKY 

1. Treatment of pre-adolescent ovariectomized female rhesus monkey’s 
with testosterone propionate induced a secretory condition in the mam- 
mary gland epithelium leading to dilation of the mammary ducts. 

2. Testosterone propionate even in high doses did not cause extension 
or arborization of the mammary ducts nor did it promote alveolar develop- 
ment except in glands in which alveoli already" existed. In a moderately 
mature gland the treatment had induced, in addition to development and 
organization of the alveoli, irregular ‘ heaping ’ of the glandular epithelium, 

3. Of three other androgens given in high doses, each to a single animal, 
A^-/ra?i5dehydroz5oandrosterone and A^-/ra7z,sandrostenediol caused some 
secretion and duct dilation in glands containing no alveoli while cis- 
androsterone gave only a very slight reaction. 

I. In view of these results it is suggested that e/^androsterone might 
be preferable to testosterone propionate for the treatment of "mastitis’ 
in women. 

We are grateful to Dr. E. Oppenheimer of Ciba Pharmaceutical Products 
Inc., Summit, N.J., for generous supplies of the androgens used in this 
work. This study was aided by a grant from the Fluid Research Funds 
of the Yale University School of Medicine to the Department of Obstetrics 
and Gynaecology. 

UEFEKEXCES 

AMvNooa. E. D.. Gtvchickti r, C. E.. and Ruu>c'h. E. O. 1937. Atr.cr, J, 61. 373. 

HoUoailoy, C„ and Folley, S. J. l93lw. Pr^. Puj. S<^. li, 126, 221. 

Roliomley, C., and Folley, S. J, l93Nb. J. P}.j»iA. 94. 2G. 



372 


G. VAN WAGENEN AND S. J. FOLLEY 


Deamarcst, E., and Capituin. 1937. Pr, mdcL 45, 777. 

Folloy, S. J., Giithkclch, A. N., and Ziickorman, S. 1939. Proc. Poy. Soc, B, 126, 469. 
Geschicktor, C. F., and Astwood, E. B. 1937. Occasional PubL Amcr, Assoc. Advancement 
ScL No. 4, 76. 

Loesor, A. A. 1938. Lancet, i, 373. 

Nelson, W. O., and Gallagher, T. F, 1930. Science, 84, 230, 

Reece, R. P,, and Mixner, J, P. 1939. Proc. Soc. Exp. Biol., N.Y. 40, 60. 

Solye, H., McEuon, C. S., and Collip, J. B. 1936, Proc. Soc. Exp. Biol., N.Y. 34, 201. 
Turpaiilt, M. 1937. C. R. Soc. Fran^. Qyndc. 7, 181. 

van Houvorswyn, J., Folloy, S. J., and Gardner, W. U. 1939. Proc. Soc. Exp. Biol., N.Y. 
41, 389. 



VAN WAGENEN and FOLLEY. 


PLATE I 



(a) FIG. 1. ih) 

(o) Control mammary gland from Mm 487. x2. 

(6) Mammary gland of Mm 487 after injection of 2000 mg. testo- 
sterone propionate over 6.5 days, showing gross dilation of the 
ducts. Note the absence of duct growth and alveolar develop- 
ment. X 2. 




(a) FIO. 2. ib) 

Control mammary gland from ilm 490. x 2- 
(o) Mammary' gland of 5Im 490 after injection of 100 mg. testo- 
swrono pronfonatc over 10 days. The duct s>'btem is dilated and 
there has been alveolar growth, but no duct extension has 
occurred, x 2. 


Fig. 5. High power photomicrograph of a 
portion of the alveolar tissue In the mammary 
gland of Mm after treatment with testo- 
sterone propionate, showing Irregular pucker- 
ing of the glandular epithelium, x 165. 



(a) Kig. 3 . ( 6 ) 

mammary gL-ind from Mm 113 bhowing exteastve duct sjbtem and aJvcoUr dcvtlopriicnt. x 2. 
irn.w. gland from Mm 113 after Injt'ctiun of 3^S ing. teatoslenme proplunalo o\cr C5 da>»- Note the 

ikioKs uuallon of the ducts and llu ir thin*\\alled. balloon-hhai*i'd endlr-c* at the i»cri;)hcrj*. Note liso the dtr.M? 
uhcolar ti>i>ue which now exUndii o\cr the whole gUnd. x 2, 



l.v , , (G) «• 

-o.i.m.cr\.gTa; h of i*v'rtiau of CMUlrvl glxzid fr, m Mm 413. The 

Vl) iv . , tUkue vC. 

- •au'rx.^j h , f of nvAn.n^y from Mm 413 

liwu are large auJ r.lU>.l with i;.. a ftud thvr\* a.»v u'-iu., :v-» h 


o .th trr. ► 
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THE RESPONSE OF INBRED MICE 
TO OESTRONE 

By C. W. EMMENS 

Frojti the National Institute for Medical Research^ London, N.W» S 
{Received 27 September 1939) 

The AUen-Doisy vaginal cornification test is used almost exclusively for 
the biological assay of oestrogenic preparations. In its commonest form, 
from one to six injections of the test material are given to spayed rats or 
mice during the course of two or three days, and vaginal smears are taken 
on the third, fourth, and perhaps the sixth day. These smears are assessed 
according to their cellular composition, the simplest method of scoring 
being to record those with cornified or nucleated epithelial ceUs but no 
leucocytes as positive, and the rest as negative. Other methods are in 
frequent use, in which the various stages of the oestrous cycle are recorded 
and given key letters, or in which each smear is given a numerical value 
according to the degree of cornification, &c., observed. The main draw- 
back to most of these more involved ways of assessing the smears is that 
the results cannot be dealt with by the fairly simple mathematical tech- 
nique applicable to quantal (all or none) responses, as they cannot usually be 
expressed by linear regression functions. It is, moreover, doubtful whether 
any increase in the accuracy of estimation is obtainable by such methods. 

In this Institute, therefore, it has been the practice to treat the response 
of the spayed mice which are used in such assa3"s as strictly quantal, and 
to employ y/log-dose co-ordinates in the calculation of the regression 
lines, where y is the normal equivalent deviation, or probit [cf. Gaddum, 
1933; Bliss, 1935; Irwin, 1937]. It has been found that such lines fit the 
recorded data, and justify the assumption that the logarithms of the 
individual effective doses are normally distributed. The slope of a fitted 
line is inversely proportional to the standard deviation of the logarithms 
of the individual effective doses. Steep lines are, therefore, characteristic 
of a low degree of variation in response, and the lower the numerical value 
of the slope, the greater the variation encountered in the tests. 

It has also been shown [Emmens, 1939] that no significant deviations 
occurred in the slope of the dose/response line for spayed albino mice 
injected with international standard oestronc over a period of 7 month.s, 
tluring which 14 determinations of the slope were made at fortnightly 
intervals. Subsequent work has confirmed this result, and it is therefore 
valid to compare the slopes of dose/response lines for different colonics, 
although the data for these lines iniiy have been gathered at different times. 
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Material and Methods 

A full account of the technique of tests of this type has already been 
given [Emmens, 1939]. Briefly, injections of oestrone in arachis oil are 
made into groups of about 20 mice, at several dose levels, one injection 
being given on each of two consecutive days. Smears are taken on the 
third day, either at 4 p.m. or at 11.30 p.m. (see below) and at 10 a.m. 
and 4 p.m. of the fourth day. The volume of oil in which each injection 
was made Avas kept uniform at OT ml. for most of the tests, but in those 
dealing with the inbred strain, and in a further control test using albino 
mice, the volume varied between 0-05 and 0-2 ml. in different groups. As 
Avill be seen below, there is no reason to believe that alteration of the 
injection volume Avithin these limits has an effect on response. 

The albino mice, to Avhich reference has already been made, are taken 
from the Institute’s farm stock, Avhich has been inbred to a very slight 
degree, in that it is descended from three original pairs of mice, and has 
not received additions since its inception, but mating has otherAvise been 
at random. 

The inbred mice are the descendants of derivatives of Strong’s pure 
line C.B.A. (Fo,), substrain Griineberg (Fgg, 1938), kindly provided by 
Dr. H. Griineberg. The animals used in the tests Avere of generations 
Fjq and F41, of this line, brother-sister mating being abandoned in the 
Fgg generation as far as the mice intended for ovariectomy Avere concerned. 
These mice should therefore have been as genetically homozygous as one 
could hope to obtain. They Avere ovariectomized by the usual technique 
over a period of three or four months, and primed tAvo Aveeks before use 
in the tests Avith 0*5 jag. of international standard oestrone, Avhich Avas 
used throughout all tests. 

Regression lines Avere calculated by fitting a provisional line by eye, 
and the weighting coefficients to be used in the calculation of the final 
line were determined from it. Responses of 0% or 100% Avere included 
by the method of Fisher [1935]. The standard error of the determination 
of the slope is then given by 

1 

:c)^]}’ 

Avhere n = the number of animals, w — the Aveight factor, and x = the 
logarithm of the dose, for each group. 

Results 

Dosejresponse lines for albino mice. 

The slope of the dose/response line for albino mice, Avhen smears Avere 
taken at 11.30 p.m. on the third day of the test and at 10 a.m. and 4 p.m. 
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on the fourth day, and when the volume per injection was kept at 0-1 ml., 
has already been discussed [Emmens, 1939]. The series of control deter- 
minations made at that time (10/5/37-6/12/37) on totals of between 40 
and 140 mice per test showed the slope' to be 5-485±0'517, the standard 
error being estimated from the observed distribution of values of the 
slope. A smaller value for the standard deviation of the slope is obtained 

if the formida: — = ^(-^ ) is employed, where aj = the standard error 

of the average value of the slope found, and is the standard error of 
any individual determination. This value, 0-349, could justifiably be 
employed in the calculations that follow, but, as it happens, it does not 
affect our conclusions whichever value we use. 

A second colony of albino mice from the same stock was used in a further 
determination of the slope on 7/3/38, under the same test conditions. On 
this occasion 120 mice were injected and gave a slope of 5*453±9*825 
for the regression line. Eighty mice of a third and similar colony were 
later employed on 8/8/39 for another determination, with slight alterations 
in technique. Smears were taken at 4 p.m. on the third day of the test, 
instead of at 1 1 .30 p.m., and the volume of oil per injection varied between 
0*05 and 0-2 ml. This enabled us to use a constant concentration of 
oestrone in most groups of mice. The slope for this colony was 4*992:±:0-884, 
and was clearly not significantly affected by the change in technique 
(Table I). 

Dosefresj^oiise lines for the inbred mice. 

The slope of the line for the inbred mice was determined four times, 
with the technique as outlined for the third colony of albinos. Table I 
gives the necessary data relating to these determinations. 

The average value of the slope is 3-375±0'397, using the formula 

— s as before, since the number of determinations is too small for 

a direct estimate of the standard error. This value differs significantly 
from that for the first albino colony (P lies between 0 002 and 0*0001, 
according to which value of the standard error is used for the albinos), 
that for the 2nd albino colon3’ (P = 0*025 approx.), but not from that 
tor the 3rd colon}" (P < 0*05). However, there is little justification for 
considering the slopes of the lines for the three albino colonics scparateh*, 
as the}" do not differ significantly from one another, and, when the results 
for the albinos arc considered together, the average slope for the inbred 
mice is found to be highly significantly less than tJie average for the 
albinos (P < 0*001). 
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Discussion 

The fact that the slope of the dosc/rcsponse lines for the responses of 
the Strong G.B.A. mice to oestvone is less than that for the responses of 
randomly mated albino mice, means that the inbred mice are actually 
more variable in response than arc tlie albinos. It seems highly improbable 
that the inbred strain ean be heterozygous for genes which could be 
responsible for the variability, so that we are led to the rather surprising 
conclusion that the factor causing variation in the response of mice to 
oestrone is unlikely to be dependent on differences in their genetic con- 
stitution. 

Table I. Data relating to the slope of the dosejresponse lines for spayed mice 

injected with oestrone 


Date of 


Total 

number of mice 

Slope of 

Standard 

test 

Nature of animals 

in test 

lino 

error of slope 

10/5/37 to 6/12/37 
(14 tests). 

Albino mice 

1st colony 

660 

5-458 

0-517 

7/3/38 

2nd colony 

120 

5-453 

(0-349 see text) 
0-825 

8/8/39 

3rd colony 

SO 

4-992 

0-884 

— 

Weighted mean for 
albino mice 

860 

5-353 

0-418 

30/5/39 

Inbred C.B.A, mice 

40 

3-934 

1-430 

12/6/39 

it it 

40 

1-259 

1-228 

26/6/39 

it it 

80 

3-486 

0-634 

24/7/39 

»» it 

SO 

3-774 

0-604 

— 

Weighted mean for 
inbred mice 

240 

3-375 

0-397 


While the loAvest dose of oestrone to which an individual albino mouse 
will react varies from time to time, the logarithm of this dose tends to 
bear a constant relation to the logarithm of the dose causing 50% of 
positive responses in the colony as a whole [Emmens, 1939]. There are, 
therefore, innate differences in the sensitivity of these mice, which at the 
time of investigation were thought to be most probably due to genetic 
causes. This view cannot reasonably be held now, as whatever differences 
exist between the individuals of the G.B.A. stock must presumably be 
environmental in origin. The previous study also showed that the response 
of an albino mouse does not depend to any detectable extent on its age, 
weight, or its previous fortnightly use in tests, as long as it has received 
sufficient oestrogen within a short period of its use in any particular test 
[cf. also Marrian and Parkes, 1929]. As this is probably true for the G.B.A. 
mice, one isTeft to conclude that in this particular pure line, if not in 
others, uniformity of nurture is more important than uniformity of 
inheritance in determining the response to oestrogenic stimulation. 
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SXJMMABY 

In a pure line of mice, a derivation of Strong’s C.B.A. strain, the 
responses to oestrone were found to be more variable than those of 
randomly mated albinos 


My thanks are due to Miss K. Lundevall and Dr. T. E, T. Bradshaw for 
their assistance with the tests. 
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MUTUAL ANTAGONISM BETWEEN 
OESTROGENS AND ANDROGENS 

By C. VV. EJBIENS aud T. E. T. BRADSHAW* 

From tha National Institute for Medical Research, London, N.W. 3 
{Received 27 September 1939) 

In the early stages of work with oestrogenic and androgenic extracts, 
much consideration was given to the question of antagonistic or synergistic 
action between the two. Juhn, D’Amour, and Womack [1930] found no 
interaction between them when given simultaneously in the form of 
extracts to capons, but Schoeller and Gehrke [1933] later reported a 
synergistic action under these conditions. However, workers using crystal- 
line substances have been unable to confirm these results. Callow and 
Parkes [1935], Morato-Manaro, Albrieux, and Buno [1935], and Gley and 
Delor [1937] agree in finding that the response of the capon comb to various 
androgens is decreased by the simultaneous administration of oestrogens. 
Miihibock [1938] has shown that a daily dose of 5 mg. of oestradiol 
benzoate will completely abolish the response of the capon comb to .100 pg. 
daily of androsterone, and in a recent paper Emmens [1939a] produced 
curves showing the progressive decrease in the response of groups of 
capons receiving a single injection of 150 pg. of testosterone propionate 
together with increasing quantities of oestradiol benzoate injected at a 
different site. Although as little as 10 pg. caused partial inhibition of the 
response, as much as 10 mg. did not completely abolish it. 

In male mammals the interaction of the two groups of substances may 
be classed either as synergistic, since various workers have shown that a 
co-operative effect may be observed on the secondary sexual organs, or as 
antagonistic, since an adequate dosage with androgens will protect the 
male from the effects of oestrogens. In female mammals it has been 
demonstrated by Robson [1936] and Hain [1937] that testosterone and 
testosterone propionate in large doses will inhibit the response of spayed 
rats and mice to oestrone; while Deanesly and Parkes [1937] found that 
ira/i^androstenediol, an androgen which causes vaginal cornification in 
spayed mice, may itself be inhibited by testosterone propionate. Further 
data on such inhibition, using androgenic extracts from various sources, 
were given by Emmens and Parkes [1938]. 

It is apparent, therefore, that whatever synergistic action may exist 
in some species when relatively small quantities of an oestrogen are given 

' Work carried out during tlie tenure of a grant from the Medical Research Council of 
Ireland. 
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together with an androgen, there is an antagonism between the action 
of these substances when relatively large doses of an oestrogen are given 
simultaneously with an androgen in the capon comb-growth test, and also 
when large doses of testosterone are given together with an oestrogen in 
the Allen-Doisy vaginal comification test in rats or mice. In the present 
paper further consideration is given to these phenomena, using various 
oestrogens, given by different routes, as antagonists to androsterone, and 
various androgens as antagonists to oestrone, in the capon comb -growth 
and Allen-Doisy tests respectively. 

Material and methods 

Tests on the induction of growth in the Brown Leghorn capon’s comb 
were carried out as described previously [Emmens, 19396] using a 3-day 
test period. Androsterone in 0-1 ml. arachis oil was given by injection 
or by inunction on to the comb, once daily during the test period. Injec- 
tions or inunctions of the oestrogen, also in oil, were given simultaneously, 
and into the opposite breast muscles when both substances were adminis- 
tered by injection. In some cases the volume of oil carrying the oestrogen 
had to be increased above 0* 1 ml. Comb growth is expressed as the increase 
in length plus increase in height, an average value being taken from a 
group of 5 birds in all cases. 

Allen-Doisy tests were made with spayed mice, the general technique 
also being as described by Emmens [19396], one injection of each substance 
being given on each of two consecutive days. Groups of o mice W’ere used, 
the oestrogen being injected subcutaneously on one side of the animal, 
and the androgen on the other side. The volume of oil carr^nng the 
oestrogen was 0*1 ml, per injection, that carr3nng the androgen varied 
in different tests from 0*05 to 0*2 ml. During the period covered by these 
latter tests, which must be considered as of a preliminary^ nature, control 
groups of 20 mice receiving a total of 0*1 pg. of oestrone gave between 
00% and 80% of positive responses. The results are therefore grouped 
together without consideration of the date of any particular assay', since 
the sensitivity of the mice may be considered to have remained approxi- 
mately constant. 

Oestrogens as anti-androgens 

Oestrone, Table I shows the comb growth resulting from the simul- 
taneous administration of androsterone and oestrone to capons bv various 
combinations of routes. The inhibitory effect of different doses of inuncted 
oestrone on the response to a constant total dose of GOO of injected 
androsterone gives an approximately linear relationship over the greater 
part of the curve when the comb growth re^^ulting from the simultaneous 
admiuL^tratioii of the two, expro.-ed as a percentage of the growth in a 
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control group receiving no oestrone, is plotted against the logarithm of 
the total dose of oestrone (Fig. 1). It is, moreover, possible, by this method 
of applying oestrone, to inhibit tlie response completely. A similar type 
of relationship appears to hold for injected oestrone, but complete inhibi- 
tion of the response has not been demonstrated under these conditions. 


Table I. The inhibitory effect of oestrone on the response of groups of 5 capons 

to injected androsterone 


Date of 

Total 
(loso of 
aiidrostcrono 

Total closo 
of ocstrono 

Route of 
administra- 
tion of 

Response 

Response as % 
of that of 

test 



oestrone 

in mm. 

control groups 

20/4/39 

300 

— 

— 

3-2 

100 


300 

250 

inuncted 

00 

0 

tj 

300 

500 

ft 

0-7 

22 

>7 

300 

1000 

ft 

-0-8 

-25 

4/5/39 

600 

— 

— 

4-7 

100 

If 

600 

3 

inuncted 

4-7 

100 

11 

600 

6 

tt 

3*6 

77 

t 

600 

12 

ft 

2-6 

55 

I 

600 

24 

ft 

1*0 

21 

f 1 

600 

48 

ft 

1*4 

30 

ft 

600 

150 

ft 

-0-1 

o 

>f 

600 

600 

injected 

4*1 

87 

ft 

600 

1500 

f f 

4-3 

92 

ft 

600 

3000 


2-9 

62 

25/6/39 

600 

— 

— 

5-1 

100 

ft 

600 

6000 

injected 

2-8 

55 

ft 

600 

12,000 

tt 

2*2 

43 

22/6/39 

3 

— 

— 

4-1 

100 

>t 

(Ln imcted) 

ft 

45 

inuncted 

1-9 

46 


By expressing the comb growth of any group as a percentage of that 
shown by the controls it is possible to compensate for the time-to-time 
variation in response shown by the latter, although, strictly speaking, 
it has yet to be shown that the nature of the dose/response curve for 
oestrone as an anti-androgen is not affected by alteration in the sensitivity 
of the birds. 

A comparison of the amount of inuncted oestrone effective in causing 
a 50% inhibition of the response with that needed to give the same 
degree of inhibition by injection, shows that about 16 pg. by inunction 
are equivalent to 7,500 pg. by injection, a ratio of 1 to 470. The increase 
of efficiency on inunction is therefore greater than that found for andro- 
sterone, when its action in causing comb growth is considered, since about 
170 times the inuncted dose of androsterone is needed to cause an 
equivalent amount of comb growth by injection [Emmens, 1938]. Tested 
against inuncted androsterone (Table I) by applying a mixture of the two, 
oestrone gave the degree of inhibition expected from its action against 
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injected androsterone, showing that the relative effectiveness of both 
compounds is maintained when both are given by inunction. 

Oestradiol. Table II shows the data for oestradiol given by inunction 
or injection together with injected androsterone. The slope of the % 
response/log.-dose curve for dosage by inunction (Fig. 2) is less than that 



total dose INUNCTED OESTRONE in/ig. TOTAL DOSE IIUECTEDOESTRONE inng. 

Fio. 1. Inhibition of tho growth of tho combs of Brown Leghorn capons receiving 
a constant total close of 600 pg. of androsterone by injection, together with various amounts 
of injected or inuncted ocstrone. 5 birds per group. 

for oestrone, and this difference, therefore, precludes any accurate com- 
parison of the potencies of the t^vo. In low doses oestradiol appears to 
be more effective per unit weight than oestrone, but less effective in higher 
doses. This change of relative effectiveness seems most probabl}' to be 
related to the rate of absorption of the compounds ; high doses of oestradiol 
are perhaps more quickly removed from the site of action than correspond- 
mg doses of oestrone. By injection, on the other hand, oestradiol is 
relatively more effective tlian oestrone at all dose levels. This again is 
explicable on the assumption that oestradiol passes more nipidly into the 
circulation than does oestrone, even though it may be its rapidly eliminated, 
since the substances must reach the comb in effective amounts fur inhibi- 
tion to he uhserved, and tlie .‘'lower absorption of oe>trone frtun I lie ."ite 
of injection may be a factor in causing its relatively low cfiicicncy l^y 
injection when compared with ootradiol. 
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Table II. The inliibilory effect of oestradiol on the respo 7 ise of groicps of 

5 ccqjons to infected androsterone 

Total Total Houto of 



doso of 

doso of 

administra- 


Response as % 

Da to of 

androstorouo 

oestradiol 

tion of 

Response 

of that of 

test 

Mg- 

Mg- 

oestradiol 

in mm. 

control groups 

4/5/39 

GOO 

— 

— 

4-7 

100 

>> 

GOO 

300 

injected 

4-1 

87 


000 

1500 

ft 

3-9 

83 

22/6/39 

GOO 

— 

— 

4-4 

100 


000 

1-5 

inuncted 

4-2 

96 

tt 

GOO 

3 

t* 

3-G 

82 

ti 

GOO 

6 

If 

3-4 

77 

it 

600 

12 

>> 

3-2 

73 


600 

24 

ft 

3-4 

77 

ft 

GOO 

48 


2-5 

57 

tt 

600 

3000 

injected 

1-0 

23 


600 

6000 

tr 

0-7 

16 

ft 

GOO 

12,000 

St 

-0-8 

-18 


Diethylstilboestrol. Tlie data for tlie synthetic oestrogen, diethylstilbo- 
estrol, are shown in Table III. It has been reported by Miihlbock [1939] 
that this compound, when given by inunction, is ineffective in inhibit- 
ing the action of androsterone on the capon’s comb. However, as shown 



or inunctecl oestradiol. 5 birds per group. 
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in Table III, complete inhibition was observed when 300 /xg. of andro- 
sterone were injected, and 3 mg. of dietbylstilboestrol were inuncted 
on to the comb. J’urther tests showed that the anti-androgenic activity 
of diethylstilboestrol, when given by inrmction, is very low in comparison 
with that of oestrone and oestradiol, although its oestrogenic potency is 
intermediate when tested on spayed mice. A 50% inhibition is caused by 
about 1*6 mg., as shown by the tests listed in Table III (see also Fig. 3), 
giving a potency of about 1 % that of oestrone under the same conditions. 

Table III. The inhibitory effect of diethylstilboestrol on the response of groups 
of 5 capons to injected androsterone 


Date of 

Total 
dose of 
androsterone 

Total 
dose of 
diethyl- 
stilboestrol 

Route of 
administra- 
tion of 
diethyl- 

Response 

Response as % 
of that of 

test 

Mg- 

Mg- 

stilboestrol 

in mm. 

control groups 

20/4/39 

300 

— 

— 

3-2 

100 


300 

3000 

inuncted 

-0-5 

-16 

4/5/39 

600 

— 

— 

4-7 

100 

ft 

600 

75 

inuncted 

4*5 

96 

ft 

600 

300 


30 

64 

99 

600 

1200 

ff 

2*9 

62 

ft 

600 

3000 

injected 

2*5 

53 

ff 

600 

30,000 

,, 

0-3 

6 

25/8/39 

600 

— 

— 

5-1 

100 

»> 

600 

3000 

inuncted 

20 

39 


When injected, however, diethylstilboestrol has about twice the potency 
of oestrone, and its efficiency by injection is not markedly different from 
its efficiency by inunction, since 3 mg. of injected diethylstilboestrol caused 
just under a 50% inhibition of comb growth. 

This remarkable difference between the natural and synthetic oestrogens 
may be explained by either of two contrary suppositions. Either diethjd- 
stilboestrol is very rapidly absorbed from the surface of the comb and 
distributed by the circulation, and the effect of inunction is therefore 
similar to that of injection ; or it is very inadequately absorbed through 
the surface, and cannot therefore exert its full effect. In view of the high 
solubility of diethylstilboestrol in body fluids, as shown by its rapid 
absorption from tablets of the compressed material implanted beneath 
the skin, the former explanation seems the more likely. 

A comparison of the amounts of each oestrogen needed to produce a 
•>0% inhibition of the action of GOO pg. of androsterone is shown in Table IV. 

Androgens as anti-oc^trogens 

^ The androgens were injected into groups of 5 spayed mice per te^t, 
simultaneously with a daily dose of O-OG |ig. of oestrone, giving a total 
ilo.''e of 0*12 pg. of oestrone. 'Ihe results are shown in Table V. From 


cc 
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previously established dose/response curves [cf. Emmens, 19396], it is 
known that, since controls on O-l pg. gave GO-80% of positive responses, 
0-12 pg. of oestrone would, alone, give 75-90% of positive responses. 



TOTAL DOSE OF DtETHYLSTILBOESTROL in mg. 

Fio. 3. Inliibition of the growth of the combs of Bro\vn 
Leghorn capons receiving a constant total dose of 600 pg. 
of androsterono by injection, together with various 
amounts of diethylatilboestroL 5 birds per group. 

• — inuncted diethylstilboestrol 
■ — injected diethylstilboestrol 

Taking the lower response as a margin of safety, we can calculate that, if 
in a group of 5 mice we expect 75% of positive responses, 1 or no mice 
will give positive responses in only 1-6% of cases, but that 2 or less will 
react positively in as many as 10'4% of cases. With 5 mice per group, 

Table IV. Approximate amounts in jig. of different oestrogens which, when 
given by inunction or by infection, cause a 50% inhibition of the response of 
the capon comb to 600 pg. of infected androsterone 


Substance 

By inunction 

By injection 

Dose by 
injection 
Dose by 
. inunction 

Oestrone 

16 

7500 

470 

Oestradiol 

96 

1750 

180 

Diethylstilboestrol 

1600 

3000 

2 


therefore, if none or only one mouse reacts positively, we may accept the 
test as showing a significant depression of the oestrogenic activity of 
0'12 pg. of oestrone, but if 2 or more react positively there may be no 
real depression of activity. This criterion is sufficient for our purpose, 
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a^hich is to compare approximately the anti-oestrogenic potencies of the 
androgens used. 

Testosterone showed significant inhibition of oestrone in total doses of 
1*0 and 0'5 mg., but not in a dose of 0-25 or 0-125 mg. The lowest effective 
dose of this compoimd may therefore be accepted as about 0-5 mg. The 
lowest effective doses of the other androgens, listed in Table V, were 
calculated by a similar method. Testosterone, methyl testosterone, andro- 

Table V. The inhibitory effect of different androgens on the resjponse of groups 
of 5 ovariectomized mice to 0*12 pg. of oestrone 





Lowest 


Total dose 

Number of effective dose 

Substance 

mg. 

mice +ve 

mg. 

Testosterone 

1-0 

0 



0-5 

0 

► 0-5 


0-25 

3 


0-125 

3 J 


Methyl testosterone 

20 

1 ^ 



1-0 

1 

1 0-5 


0*5 

1 


0*25 

3 j 


Androstenedione 

2-0 




1-0 

0 



0*5 

1 

1 0-5 


0-25 

3 



0-125 

4 J 


Androstanediol 

2-0 

® '1 



1-0 

1 



0-5 

1 

1 0-5 


0-25 

2 



0-125 

4 J 


Androstancdione 

2-0 

5 

— 


1-0 

5 

— 

Androsterone 

2-0 

3 

— 


1-0 

2 

— 


0-5 

5 

— 

fraiwOehydroandrosterono 

2-0 

3 

— 


1-0 

4 

— 


stenedione, and androstanediol are found to be approximately equal in 
potency as anti-ocstrogens, while androsterone, /ra/z^dehydroandrosterone, 
and androstancdione showed no significant inhibitor}' effect in the dosage 
tested (up to 2-0 mg.). The androgenic activities of the four active anti- 
ocstrogens are, of course, not equal, whether te.sted on capons or inanimals. 
Icstosterone has 0 or 7 times the potency of androstenedione and 4 or 
o times that of androstanediol, when tested on the seminal vesicles and 
prostate gland of castrated rats [Tschopp, 193G], while methyl te 5 to^te^one 
w ratlicr more active than testosterone [Deanesly and i\irkes, 1930]. 
lu cases where it is desirable to inhibit endogenous rx*.-trogens in the 
human female, it would appear that the u>e of andru.-tenedione or aiuiro- 
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( . 

, stanediol, preferably the former, might give as satisfactory a result as 

! testosterone, but without producing the extensive masculinization seen 

when the latter compound is employed. 

SUJIMARY 

1. Oestrone, oestradiol, and diethylstilboestrol inhibit the response of 
the capon’s comb to androsterone. When given by inunction, oestrone 
and oestradiol do not differ markedly in effectiveness, but the latter gives 
a very flat dose/response curve. Diethylstilboestrol is relatively inefficient 
by this route. Oestradiol is the most potent anti-androgen by injection, 
followed by diethylstilboestrol and then oestrone. The ratio of the dose 
by injection to the dose by munction required in each case to produce a 
50% inhibition of the response to 600 jug. of injected androsterone is 
approximately 470:1 for oestrone, 180:1 for oestradiol, and 2:1 for 
diethylstilboestrol. 

' 2. Testosterone, methyl testosterone, androstenedione, and andro- 

stanediol are about equally effective in inhibiting the response of spayed 
mice to oestrone, a total dose of 0-5 mg. of each producing significant 
I inhibition. Androsterone, iraTisdehydroandrosterone, and androstane- 

dione were ineffective in doses up to 2-0 mg. 


The androgens were kindly supplied by Dr. K. Miescher and Messrs. 
Ciba Ltd. and the oestrogens by Organon Laboratories. 
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THE EFFECT OF VASOPRESSIN, SEX HORMONES 
AND ADRENAL CORTICAL HORMONE ON BODY- 
WATER IN AXOLOTLS 

By D. DOW AKD S. ZUCKEMIAN 
From the Department of Human Anatomy, Oxford 
{Received 27 September 1939) 

The changes which occur in the body-weight of frogs, axolotls, and aquatic 
reptiles as a result of the injection of vasopressin are generally ascribed 
to changes in body- water [e,g. Brunn, 1921 ; BSlehradek and Huxley, 
1927; Heller, 1930; Steggerda, 1931; Steggerda and Essex, 1934; Hey, 
1935; Steggerda, 1937; Boyd and Brown, 1938; Boyd and Whyte, 1938; 
and Boyd and Dingwall, 1939]. The mechanism of the change appears to 
differ somewhat in different species, but in amphibia it appears to be due 
both to the increased absorption of water through the skin [Steggerda, 
1931] and to antidiuresis [e.g. Bey, 1935; Pasqualini, 1938], with the 
consequent storage of excess water in muscle, subcutaneous, and other 
tissues [Steggerda and Essex, 1934; Boyd and Brown, 1938]. In view of 
the simplicity of the technique necessary to follow gross changes in body- 
water in these animals, it was of interest to inquire whether or not sex 
hormones and corticosterone have the same power to cause water retention 
in amphibia as they have in mammals [Krohn and Zuckerman, 1937 ; 
Thorn and Harrop, 1937 ; Guthkelch and Zuckerman, 1937 ; Thorn, Nelson, 
and Thorn, 1938; Zuckerman, 1939]. 

SLvterial and Methods 

Animals, 

Seventeen axolotls, varying in weight between 25*60 and 116*62 g., were 
used. Each animal was kept in a separate glass tank, 14 in. tall, 12 in. 
long, and 8 in. wide, half- filled with tap-water. The water was changed 
twice weekly and at the same time the animals were fed with worms, or 
with chips of meat, until they were satisfied. No experimental observations 
were made on feeding-days for, apart from the question of the increase 
in body-weight due to the ingested meat, it was found that the axolotls 
often regurgitated their food when disturbed. 

Mtihoil of wdfjhing, 

Tlie animals were taken from their tanks by hand, and adhering water 
w;us mopped ofi with a smooth towel. They were then put into a previoirdv 
dried beaker and weighed on a swing balance. Immediately after weighing 
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the animals were returned to their tanks, and the beaker was reweighed. 
The difference between the two weighings gave the weight of the animals. 

Experimental error in 'weighing. 

Six axolotls were weighed ten times in succession on two separate occa- 
sions. It Avas found that in only two of the 120 weighings did the Aveights 
vary by as much as 1%, the mean variation being 0-26^ 0-02%, the stan- 
dard deviation of the distribution being rt 0‘2I%. In view of the magnitude 
of the changes dealt Avith in this study, this experimental error is negligible. 

Infections. 

The animals Avere firmly held on their backs in a toAvel, and injections 
Avere made intraj)eritoneally to the right or left of the midline Avith a 
1 c.c. glass tuberculin syringe. 

The folloAving hormone preparations Avere used : 

Vasopressin. Three dilutions of vasopressin, containing 1 unit, 2 units, 
and 3-3 units per c.c. respe'ctively, Avere prepared from a stock preparation 
containing 20 units per c.c. by diluting Avith a fluid made up of 5-0 c.c. 
of absolute alcohol and 0-2 c.c. of 10% NaOH made up to 100 c.c. Avith 
0-9% NaCl. This diluting fluid Avas chosen as it is a fairly effective 
‘aqueous’ solvent for oestrone, and as one set of control observations 
carried out Avith this solvent Avould therefore cover both vasopressin and 
‘aqueous oestrone’ experiments. 

Oestrone. One set of experiments Avas carried out Avith an aqueous 
solution containing 25 pg. per c.c. The solvent used Avas the same as that 
for diluting the vasopressin. A further set Avas carried out Avith a solution 
of 1 mg. per c.c. of arachis oil. 

Testosterone propionate. The only preparation used was a solution of 
50 mg. per c.c. of arachis oil. 

Progesterone. A solution of 10 mg. per c.c. of arachis oil Avas used. 

Cortical hormone. Three preparations Avere used : (1) a solution of 5 mg. 
of desoxycorticosterone per c.c. of arachis oil ; (2) an adrenal cortical extract 
of Avhich each c.c., equivalent to 40 g. of fresh beef adrenal gland, Avas 
assayed to contain 4 (survival) rat-units (‘Cortin’, Upjohn Company); 
and (3) an adrenal cortical extract of Avhich each c.c. Avas equivalent to 
75 g. of adrenal cortex (‘Eucortone’, Allen & Hanbury). The solvent for 
the Upjohn ‘Cortin’ is 0-9% NaCl and 10% alcohol, and that for the 
Allen & Hanbury ‘Eucortone’, Avater. 

All injections Avere given at approximately the same time of day Avith 
an interval of not less than three days betAveen successive experiments. 
The animals Avere Aveighed immediately before being injected and again 
30 minutes later. As a general practice, tAvelve further Aveighings Avere 
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made at hourly intervals from the time of injection, and a final weighing 
was made 24 hours after the start of the experiment. 

Control observations. 

Eighteen control observations were made on animals receiving no injec- 
tions. The animals were weighed at the times stated above in order to 
obtain evidence about individual variation in weight over a period of 
24 hours. 

Every experiment was also controlled, usually at the time it was carried 
out, by injecting a control animal with a volume of solvent equal to that 
given to the animal receiving active hormone. 

The solution used to control the experiments in which vasopressin was 
given was the same as that in which the hormone was diluted. This 
solution was also used as control for the experiments in which an ^aqueous ^ 
solution of o estrone was given. Arachis oil was used to control the experi- 
ments in which oil solutions of oestrone, progesterone, testosterone 
propionate, and desoxycorticosterone acetate were given, while 10% 
alcohol and distilled water were used as controls for the experiments 
in which ‘Cortin’ or ‘Eucortone’ were used. 

Statement of results. 

All results are expressed as a percentage of the weight of tlie animal 
at the start of the experiment. 

Experimental Results 
No injections 

The body-weight of uninjected axolotls (measured as described above) 
fluctuates very irregularly, within a range of ±3%, during a 24-hour 
period. In twelve of our eighteen observations it rose at some time or other 
during the first 12 hours, and in all except one it had fallen below the initial 
weight by the 24th hour. The means of all the observations are plotted 
in Fig. 1. 


Control injections 

As a general rule the injection of arachis oil (maximum amount 1 c.c.) 
was followed by an immediate rise in bod 3 "-wcight, wliich within 4-fi hours 
had fallen below the initial weight, the cliangcs in the weight-curve being 
fairly uniform in all of 23 experiments (Fig. I). The initial ri.-e, wliieh 
usually showed itself in the first hour after the introduction of the oil, 
never exceeded It was rarely iis much as 2^^^, and only in four 

ea.ses could it not be accounted for by the weight of the oil itself. With 
four exceptions the final weight at the end of the 2 l-huur jK-Tiod of ob^erv.t- 



390 


D. DOW AND S. ZUG KERMAN 

tion had not fallen below 3% of the first weight. The lowest weight was 
usually recorded at the 12th hour (see ‘Note added in proof’ at end of 
paper). 

Coniparison of the means of the pooled results, using Fisher’s [1932] 
‘t’ test, shows that the weight changes which take place as a result of 
the injection of arachis oil are not at any time significantly different from 



Fio, 1. Variation in woiglit of control axolotls during a period of 24 hours. 

• • • • Mean of 18 observations on uninjected animals. 

• - - - Moan of 23 observations on animals injected with aracliis oil. 

Weiglited-mean of observations on uninjected animals and on animals 

injected with arachis oil. 


those which occur in an uninjected axolotl over a period of 24 hours, P in 
no case being even < 0*05. For this reason the means of the pooled results 
of both sets of these control observations have been used as a basis for 
calculating the effects of hormone injections, when administered in oil. 

Both the injection of 10% alcohol and of the fluid that was used as a 
control for vasopressin and for ‘aqueous oestrone’ also led to a rise in 
body-weight, which was sustained longer than that occasioned by the 
injection of oil. As before, the gain in weight did not, as a rule, exceed 
3% of the initial weight. 

The injection of sterile water (0-5 c.c. in 6 experiments and 1 c.c. in 
4 experiments) as a rule (but not always) led to a transient rise in body- 
Aveight. Body-weight in most cases had fallen beloAV the initial level in 
3 hours. The mean decrease in weight at the end of the 12th hour was 
3-79%. 
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Vasopressin 

Ten experiments were carried out with vasopressin, three animals being 
injected with 1*5 units in 0-75 c.c. of solvent, two with 1-3 units in 0-4 c.c., 
one with 0-66 units in 0*2 c.c., and four with 0*4 units in 0-4 c.c. In each 
experiment a control animal was injected with an equal amount of the 
solvent. 

In every case the animals injected with the active hormone gained far 
more in weight than either the injected or the uninjected controls ^Fig. 2), 
the increase in some of the experiments being as much as 9%. This result 
is in keeping with the results of all previous similar experiments on 
amphibia. The increase was greater on the higher than on the lower doses 
of the hormone, and the character of the response also varied according 
to the dose. In the experiments in which most hormone was given the 
animals continued to gain weight until at least the 12th hour, and body- 
weight had not returned to its initial level by the 24th hour. Animals 
given less than one unit of vasopressin as a rule began to lose weight after 
the 6th hour of the experiment, or even sooner, and by the 24th hour body- 
weight was well below the initial level (in one case by as much as 8-92%). 

In any given experiment the chance that the weight-curve of a hormone- 
injected axolotl will rise above or fall below that of its control is 1 in 2. 
The probabihty that a rise above (or a fall below) the control curve could 
occur by chance in each of n consecutive experiments is 1 in 2", Taking 
the usual statistical criterion of significance, namely, that there is less 
than 1 chance in 50 of an observed relation occurring fortuitously, it is clear 
that 6 or more consecutive similar results in these experiments constitute 
evidence for a significant change. The experimental results described 
above are thus evidence of real physiological effects. 

That the effects were significant was also established by pooling all the 
observations made on animals injected with vasopressin, and comparing 
the means, by Fisher’s [1932] ‘t’ test, with the means of all the observa- 
tions made on animals that were given either the control solution or no 
injection at all. When using this test, the more rigid criterion of signifi- 
cance, P < 0-01, was chosen in preference to P < 0-02. At the Gth hour 
the results of the comparison of the mean of the vasopressin-injected 
animals with that of the control-solution-injected animals were: n = 14, 
^ = 3-G, and P < 0-01 ; the corresponding figures in the comparison with 
the uninjectcd controls were n = 19, i == G-1, and P < 0*01. 


0 estrone 

Nine exiHjrimcnts were i>erfurrned in which oec^trone was administered 
111 oil, three animals receiving 1 mg. in 1 c.c. of solvent, one 500 /ig. in 
0*5 C.C., and five 400 /zg. in 0*1 c.c. The exj)eriments were contrulied in 
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the usual way by injecting other animals with an equal amount of the 
oil solvent. 

The results were \miform in so far as in every case the experimental 



Fia. 2. Effect of vasopressin on body- weight of axolotls. The points plotted are 
the differences between the mean observations on 10 animals injected with the hormone, 
and the mean observations on axolotls which received the control fluid. 


animals put on more weight than the injected controls (Fig. 3). The effect 
was less marked in the expex-iments in which only 400 jxg. of oestrone were 
given, and in all the experiments it was considerably less than the changes 
observed when high doses of vasopressin were administered. The maxi- 
mum rise recorded in the oestrone experiment was 5’58%. 
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The weight changes under the influence of oestrogenic stimulation were 
of a fairly uniform character, an immediate rise in the first 2-3 hours 
being followed by a fairly regular and slow fall. In this respect the changes 
differed from the irregular ones which were observed over a 21-hour period 
in uninjected animals, although the magnitude of the change observed 
in some of the latter cases was little different from the changes observed 
in the oestrone experiments. Comparison of the means of the pooled 



Fio. 3. ElTect of ocDtrono on body-weight of axolotls. Tho points plotted are the 
differences between tho mean observations on 9 animals iniccted with ocatrono in 
oil, and tho weighted-means of both sets of data plotted in Fig. I, 


results shows, however, that the weight changes which occurred in the 
oestrone-injected animals were significantly greater than those which took 
place in normal axolotls. Thus at the end of the second hour t = 4-36, 

= 23, and P <0*01. The corresponding figures in the comparison of 
the pooled oestrone results with those for the control oil-injected animals 
were i = 3*S5, n = 28, and P < 0*01. 

Five experiments were carried out using an aqueous solution of oestrone. 
One animal received 30 /rg. in 1*2 c.c. of the .solvent described on p. 3SS, 
the total volume being administered in three injections over a short 
period. Another animal received 20 /ig. in U*sS c.c. of .solvent in two 
injections, and three animals were given 10 /ig. in 0*4 c.c. in a single injec- 
tion. The usual control experiments were made with .-olvent alone. The 
results obtained suggest that oestrone in the small amount.’^ ad mini.*' tercel 
h;is practically no effect on body- weight. 
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Progesterone 

Eleven experiments were performed with progesterone. Seven animals 
were given 10 mg. in 1 c.c. of oil, one 8 mg. in 0-8 c.c. of oil, one 6 mg. in 
0-6 c.c. of oil, and two 2 mg. in 0’2 c.c. of oil. With the exception of the 
one experiment in Avhich 6 mg. were injected, all the animals injected Avith 
hormone shoAved a much greater increase in Aveight than the controls 
Avhich received oil alone (Eig. 4). The general character of the response 



Fia. 4. Effect of progesterone on body-weight of axolotls. The points plotted are the 
differences between the mean observations on 11 animals injected with progesterone in 
oil, and the weighted-means of both sets of data plotted in Fig. 1. 


was the same as that of the oestrone experiments, the rise in Aveight occur- 
ring in the first 2 hours of the experiment and being maintained longer 
in the animals that were given the larger doses of hormone. 

Analysis showed that the rise in weight was statistically significant. 
Thus the following figures were obtained in the comparison of the mean 
of the pooled results for progesterone at the end of the 2nd hour Avdth 
the corresponding mean for the uninjected controls: t — 3-56, n = 23, 
and P < 0*01. Corresponding figures in the comparison of the pooled 
results with those for the control oil-injected axolotls Avere t = 2-86, 
n = 28, and P < 0-01. 

Testosterone propionate 

Ten axolotls were injected with testosterone propionate. One was given 
50 mg. in 1 c.c. of oil, three were given 40 mg. in 0-8 c.c. of oil, and six 
25 mg. in 0-5 c.c. of oil. Only one of the ten hormone-injected animals 
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failed to put on more weight than the controls. The general character 
of the response was similar to that to oestrone (Fig. 5), and statistical 
analysis showed that the rise in weight was significant. Thus comparison 
of the mean of the pooled results at the end of the 2nd hour with that 
of the uninjected controls gave the following results: t = 3-31, = 24, 

and P < 0-01. The corresponding figures in the comparison with the 
means of the pooled results for the oil-injected controls were t = 2*94, 
n = 29, and P < 0-01. 



HOURS 

Fio. 5. Effect of testosterone propionate on body-weight of axolotls. The points 
plotted aro tho differences between the mean observ-ations on 10 animals injected with 
testosterono propionato in oil, and tho w'eigli ted -means of both sots of data plotted 
in Fig. 1 , 

Adrenal cortical hormone 

Sixteen experiments were carried out with adrenal cortical hormone. 
Eight animals were given 5 mg. of desoxycorticosterone acetate in 1 c.c. 
of oil, one was given 2-5 mg. of the acetate in 0*5 c.c. of oil, and tw’o were 
injected with 2 mg. of the same substance in 0*4 c.c. of oil. The Upjohn 
‘Cortin* preparation was used in three experijuents, the equivalent of 
‘1- g. of adrenal tissue in 0*8 c.c. of solvent being given to one, and of 20 g. 
in 0*5 c.c. to two animals. Two animals were also given the Allen & 
Hanbury ‘Eucortone* preparation, both receiving the equivalent of 37*5 g. 
of cortical tissue in 0*5 c.c. of solvent. Arachis oil was used to control 
tlie desoxycorticosterone acetate experiments, 10% alcohol to control the 
Upjohn preparation of ‘Cortin’, and sterile water the two experiments in 
which the Allen & Hanbury ‘Eucortone’ was injected. 

Ihc results of the three experiments in which the Upjohn ‘Cortin' wm,s 
adinini.stered were very striking: an immediate rise in weight, which could 
be accounted for by the weight of the injected .substance, being quickly 
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followed (at the end of the 1st hour) by a sharp fall (Fig. 6). In all tlure 
cases the weights of the hormone-injected animals fell far below that ( 



Fig. 6. Effect of ‘Cortin’ on body-weight of axolotls. 

Mean of observations on two animals injected with 0*5 c.c. of ‘Cortin*. 
----- Mean of observations on three animals injected with 0*5 c.c. of 10 per cent, 
alcohol. 

the controls. The results were not clear-cut in the remaining experiments. 
In one of the two experiments in which ‘Eucortone’ was injected body- 
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weight fell below, and in the other rose above, that of the controls into 
which sterile water was injected. Similarly, while the first experiments 
in which desoxycorticosterone acetate was given also demonstrated a fall 
in the weight of the hormone-injected as compared with the control 
animals, this conclusion was not fully borne out in later experiments. 
For although the mean weight-curve of the animals which were given the 



Fig. 7. Effect of desoxycorticosterone acetate on body- weight of axolotls. The 
points plotted are the differences between the mean obser^'ations on 11 animals in- 
jected with tho acetate in oil solution, emd the weighted-means of both sets of data 
plotted in Fig. 1. 

acetate falls below the mean weight-curve of all the control observations 
(Fig. 7), statistical analysis indicates that the differences betw’een the 
two are not significant (but see ‘Note added in proof’ at end of paper). 
Nevertheless it is of considerable interest that body-weight in axolotls tends 
to fall as a result of the injection of adrenal cortical hormone. In so far as 
changes in weight indicate the retention or loss of water, this finding 
suggests that cortical hormone acts very differently in mammals and 
axolotls. 

SCMSIAUY 

A(lc(iuatc amounts of vasopressin, ocstrone, progesterone, and testo- 
sterone propionate cause a significant rise in the body-weight of axolotls, 
llie cfrects of adrenal cortical hormone are somewhat variable, but as a 
rule it cau.vcs a fall in botiy- weight as compared with controls. On the 
ba,Ni.s of previous work, these changes may be attributed to change.-> in 
luHiy-water. 
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We are greatly indebted to .Dr. Julian S. Huxley, P.R.S., for drawin: 
our attention to the axolotl as an animal of use in studies of the hormone 
control of body-water. Wo also owe our thanks to Mr. Kimpton for hi 
careful help in conducting the experiments. For the hormones used ii 
these experiments wo arc much indebted to Dr. K. IMiescher of the Gib: 
Company, to Dr. G. F. Cartland of the Upjohn Company, to Dr. Normal 
Evers of Allen & Hanbury, Ltd., and to Dr. Stanley White of the Parlu 
Davis Company. The animals used in this study were bought with tht 
aid of a grant to S. Z. from the Medical Research Council, and the worl 
was also supported by a grant to S. Z. from the Nuffield Medical Committee 
Oxford. 
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Note added in proof 

The results of 8 further control experiments, carried out Avhen the paper was 
going through the press, agreed very closely with those reported above, p. 389. 
Four axolotls were given 1 c.c. and four 0*5 c.c. of arachis oil. The mean relative 
weights at hourly intervals after injection did not differ significantly from the 
previously obtained values, although in 5 further cases (making 9 exceptions 
in a total of 31 control experiments) the final weight at the end of the 24-hour 
period of observation had fallen below 3% of the first weight. 

These new observations were made as controls for 1 1 additional experiments 
in Avhich desoxycorticosterone acetate was administered. Seven axolotls were 
given 5 mg. in 1 c.c. of oil and four 5 mg. in 0*5 c.c. of oil. The results did not 
differ significantly from those obtained in the first group of desoxycorticosterone 
experiments. Both sets of figures were therefore po6led, and compared with the 
pooled results of all the control experiments in which oil alone was given (31 in 
all). The results of this more extensive analysis showed that at the 24th hour 
the desoxycorticosterone acetate had caused a significant fall in weight {n = 48, 
t = 4-23, P = < 0*01). The figures for the pooled desoxycorticosterone experi- 
ments were also compared with those for the uninjected controls, and it was 
found that in this case too the weight of the injected animals was significantly 
lower at the 12th and 24th hours {n = 32, t = 3*14, P = < 0*01, and n = 42, 
t = 5*05, and P = < 0*01 respectively). 


CONTRIBUTIONS TO RESEARCH ON THE 
FEMALE SEX HORMONES 

THE IMPLANTATION OF THE MOUSE EGG 
By SUZANXE BLOCH 

From the Zoological Institute of the Universitij of Basle 
(Received 9 October 1939) 

Whereas the influence of the follicular hormone on the oestrous pheno- 
mena and the cyclical changes in the female genital tract, and the provo- 
cation of the progestational phase of the endometrium by the corpus 
luteum hormone, seem to be perfectly clear, the function of the corpus 
luteum in the process of implantation of the egg has not yet been explained. 
This most important process, which can easily be regarded as the purpose 
and fulfilment of the whole genital function, is not entirely understood 
in its interactions of cause and effect. 

The corpus luteum ‘protects the egg’ [Fraenliel, 1903, 1910], it directs the 
implantation, and its presence is indispensable for the accomplishment of 
the implantation [Bouin and Ancel, 1910 ; Ancel and Bouin, 1924 ; Corner 
and Allen, 1929; Courrier, 1935; Courrier and Kehl, 1938; Pincus and 
Werthessen, 1938, and others]. According to Corner [1928] the corpus 
luteum is also necessary for the nutrition of the blastocyst until implanta- 
tion takes place. But we do not know in what way the corpus luteum 
hormone affects the process of implantation, i.e, if the stimulating of the 
progestational phase of the uterine mucosa only means the providing of a 
suitable environment for the fertilized egg, if the transformed endometrium 
acts upon the egg and stimulates it to implantation, or if the corpus luteum 
stimulates the egg directly to implant itself. 

The present paper is the first of a series of publications the object of 
which is to contribute to the elucidation of various sides of the problem 
of implantation. This first part concerns the realization of implantation, 
and the part played by the corpus luteum hormone in this process. The 
lack of knowledge regarding the latter is obvious from the fact that in his 
numograph on The Eggs of Mununalsy Pincus [193G] quotes cither exccAnve 
or insullicient secretion of corpus luteum hormone (tliat is to say radically 
oppOijite conditions) as possibly the cause of delayed implantation, pro- 
duced physiologically or e.xperimentally. 

.•\!uong the authors who have described the jiroce.'^ of implantation ne 
bud one group which considers the egg as the active agent facing the p.Lv'ive 
endometrium, wiiercas another grou]) liolds the o]>j>o^ile opinion. 

Dd 
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The representatives of the first view consider the egg as an agent 
intruding actively into tlie mucosa and forcing its way into the uterine 
wall by enzymatically destroying the epithelium. Spee [1901], an adherent 
of this theory, describes pseudopodia-lihe protuberances of the implanta- 
tion polo of the guinea-pig egg, which penetrate into the epithelium. The 
blastocyst enters through the chemically dissolved epithelium into the 
mucosa which is afterwards also destroyed. Sansom and Hill [1930], who 
fully confirm the observations of Spee, have also observed these pseudo- 
jDodia and the dissolution of the epithelium by cytolysis. According to 
these investigators, however, the sub-epithelial tissue is not destroyed. 
They doubt whether the protuberances are actually a secretion or the 
pseudopodia described by Spee. Spee recognizes in their pictures the 
pseudopodia formerly described by him and formulates the process 
drastically: ‘the germ forms roots’. 

An active part is also attributed to the egg by Assheton [1895] and 
Schoenfeld [1903], who explain the mechanism of implantation by physical 
activity, namely, by the hydrostatic pressure in the blastocyst cavity 
leading to penetration of the egg into the uterine wall at the point where 
it presents the least resistance. 

The opinions of Huber [1915] and Kirkham [1916] indirectly support the 
theory which considers the uterine wall as playing the active part. They 
indeed speak of the reaction of the mucosa on the egg, thus attributing the 
initial action to the egg, yet they consider the reaction of the mucosa as the 
only possible means given to the egg to become implanted. 

The provocation of pseudopregnancy by sterile coitus [Bouin and Ancel, 
1910], and the experimental production of deciduomata by mere mechani- 
cal stimulation of the sensitized mucosa [Loeb, 1907, 1908, 1909] demon- 
strate the power of the uterine wall to form decidual tissue without the 
presence of an egg. These facts are the basis of the opinion which considers 
the uterus as playing the active part in provoking the gestational changes 
in the mucosa. According to Mossman [1937] the blastocyst does not 
actively destroy the epithelium, the stimulus of the egg being non-specific. 

The uncertainty of the differing opinions often leads to contradiction. 
For instance, Goetz [1937, p. 286] speaks clearly of a hypertrophy of the 
mucosa produced by local induction by the blastocyst at the implantation 
sites, but in contradiction he finds regularly spaced, local alterations in a 
uterus in which there are no blastocysts at all, and which he considers to 
be the same formations as those observed in the hypertrophied implanta- 
tion sites. 

In this connexion we might also quote an observation made by Sansom 
and Hill [1930], the explanation of which is in contradiction to their 
attributing the active part to the egg. Spee speaks of cases of double 
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implantation in the guinea-pig, in which the egg comes into contact with 
the uterine wall in two places. He supposes that this, perhaps, happens 
regularly in the mouse, which is indeed the case, the Muridae shelving the 
so-called eccentric mode of implantation (cf. Plate I, Fig. 1). Sansom and 
Hill describe in the guinea-pig egg two cases similar to those called double 
implantation by Spee, but they give the explanation that the blastocyst 
somehow got into contact with the opposite uterine wall and that by this 
contact or approach the trophoblast is induced to react, which would not 
otherwise have occurred ; for after implantation has occurred, this part of 
the trophoblaist (ectoplacental trophoblast) lies directly touching the 
epithelium, yet does not react in any way. This explanation doubtless 
assumes that the uterine epithelium takes an active part as inductor of 
the blastocyst, producing a reaction of the trophoblast following the 
stimulation by the epithelium. 

Mossman [ 1937 ] summarizes the complex character of the process of 
nidation by calling it ‘ a set of interactions between the embryo and the 
maternal organism’. 

One fact may be considered as absolutely certain, that is the necessity 
of the presence of corpus luteum hormone for the formation of the pro- 
gestational endometrium, as well as for the accomplishment of the im- 
plantation and the first stages of development of the implanted egg. We 
might say that the presence of this hormone is indispensable to both 
participants in the process. But we do not know exactly how it acts. 

Another phenomenon which has always interested investigators and 
has so far not been explained is the regular spacing of the ova in the 
uterus of the mammalian species having several young to a litter 
[Huber, 1915 ; Keye, 1923 ; Mossman, 1937 ; Parker, 1931 ; Sobotta, 1901 ; 
Widako^\dch, 1911 ]. We do not know anything definite about the mode of 
migration or transport of the ova down the uterine cornua, whether it is 
effected by activity of the germ, chemotaxis, peristalsis [Keye, 1923 ], or 
ciliary movement [Mandl, 1908 ]. Goetz [ 1937 ] lias also observed cilia in 
the uterine epithelium of Hemicentetes. But even if we knew by which 
means the ova proceed, this would not explain the reason for the arrest 
of the blastocysts and their regularly spaced implantation. 

Different suggestions have been made to explain this phenomenon, for 
in.stance that the blastocyst attains some sort of physiological relation 
with the mucosa which then renders the immediate neighbourhood refrac- 
tory to any other embryo [Mossman, 1037 ], or that an acceleration in the 
rale of uterine growth around the site of implantation creates for each 
embryo a segment of uterus to nourish it, thus showing an aj)j>earance of 
uniform spacing [Hammond]. 

But .Mo>sman’s suggestion has no experimental j)roof, and Hammond's 
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observation docs not explain the regular spacing of the ova actually 
established before implantation takes place. 

Let us examine exactly the morphological characteristics which can 
be observed in the mouse endometrium before and during implantation. 

Ovulation takes place in the late oestrous stage. The tubal migration 
of the ova, during which stage maturation and insemination occur, takes 
about 4—5 days. The eggs, entering the uterus in a clump, at once disperse 
and begin to pass rapidly through the uterine horn along its whole length 
and finally become fixed at equal distances from each other at the sites of 
their later implantation [Sobotta, 1901 ; Burekhard, 1901]. 

In cases of physiologically delayed implantation, e.g. in rats and mice 
which have been copulating at the post-partum ovulation and which rear 
their preceding litter, the pre-implantation vesicles lie free for many days 
in the uterine cavity at the places of their later nidation. During this 
time no implantation occurs, that is to say, there is no reaction either by 
the mucosa or by the blastocyst. This phenomenon is to be examined in 
the following paper, the relevant experiments having akeady been carried 
out. 

Implantation occurs in a species-specific way ; either on the mesometrial 
side of the uterus as in TarsHdae, or on the anti-mesometrial side as in 
Muridae, Caviidae, Leporidae, and Sciuridae [Mossman, 1937], or in certain 
species ‘orthomesometrially ’ (i.e. alternating ventrally and dorsally) as 
in Centetes and Hemicentetes [Goetz 1937]. 

Material and Methods 

A great number of uteri of the albino mouse presumably containing 
pre-implantation blastocysts have been prepared for histological examma- 
tion. Transverse sections 5-10/x. thick were made. The animals were 
killed with chloroform and at once dissected and the whole genital tract 
fixed in various solutions, among others Flemming’s fluid being used. This 
proved to be very important. As far as I can see most of the previous 
investigators employed solutions such as Bonin’s or Zenker’s fluid, forma- 
lin, or alcohol. But after the use of a solution containing osmic acid a 
secretion is seen in the sections which cannot be seen when using other 
means of fixation. 

The method of determining the presence of spermatozoa in the vaginal 
smear in order to time the matings was found preferable to the method of 
looking for the vaginal plug. Although the plug is fox'ined after nearly 
every mating (Lewis and Wright [1935] found only one case among 103 
copulations observed where it was not formed), it is very often possible 
that it will not be observed, probably because most matings occur during 
the night and the plug seems often to be lost very soon afterwards. Long 
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and Evans [1922] in their investigations on the rat succeeded in finding 
the plug only in 55% of the established pregnancies. On the other hand, 
taking twice daily the vaginal smear of the females in heat who have the 
opportunity of mating we shall most certainly find the spermatozoa in it. 
The smear is spread on a glass slide, stained with haematoxylin and eosin 
wthout preceding fixation, and dried between two sheets of blotting-paper. 

Descreptiok of the Histological Aspect of the Progestational 

Endometrium 

While previous authors such as Burckhard [1901] or Widakowich do not 
note any changes of the uterine mucosa of the mouse until the implanta- 
tion of the ova has taken place, other investigators give the following 
descriptions of the changes appearing during the metoestrous stage, these 
changes being the same with or without following pregnancy. 

E. Allen [1922] indicates: fading of the basement membrane of the 
epithelium, small vacuoles in and among the epithelial cells, advancing 
of the epithelial nuclei towards the uterine lumen causing the formation 
of a broad red- or pinldsh-staining band behind the nuclei, and leucocytic 
infiltration of the tissue beginning in this pinkish band, which for that 
reason is considered by Allen as a primary manifestation of degeneration 
provoking leucocytosis. 

Clauberg [1930, 1931] observes almost the same changes: increase in 
density of the stroma with enlargement of its cells and nuclei, advancing 
of the epithelial nuclei from the base to the centre of the cells, the pink- 
staining band, fading of the basement membrane and the cell outlines on 
the basal side of the nuclei, but no leucocytic infiltration into the pink 
band. Therefore Clauberg does not consider the pink band as a pheno- 
menon of degeneration, but as the beginning of the symplasma-like fusion 
of the epithelium* which prepares the formation of the gestational mucosa. 
In contradiction to Allen, who ascribes no primary causative function to 
the corpus luteum in the mouse when no fertilization takes place, Clauberg 
considers these changes as produced by the corpus luteum, but considers 
tlie luteal phase of very short duration in the mouse. He succeeded in 
provoking tlicse changes artificially b}" injecting corpus luteum extracts 
into ovariectomized mice which had been treated previousl^^ with follicular 
hormone. 

Corner and Allen [1920] had already provoked the same changes in the 
rabbit; the test elaborated by them on the rabbit uterus is now generally 
employed as well iis the ‘uterine lace’ test described by Bouin and Anccl 
[1910]. 

Clauberg [1930] tried to use the mouse for tests instead of the rabbit, 
but found the uterine changes far less obvious and le^s conjspicuous 
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in the mouse endometrium. \V. M. Allen [1931] tried the same test on the 
rat. He deseribes an epithelium with a smooth cytoplasm, granulated only 
at the base, small nuclei in the centre of the cells, indistinct cell outlines 
and basement membrane, syncytial stroma and epithelium. Allen charac- 
terizes the stroma as presenting the aspect of growth, the epithelium as 
jDresenting that of secretion, without, however, exactly describing this 
secretion. 

It can be stated in general that for the luteal phase in the mouse and 
rat, which corresponds to the early pregnancy stage in the rabbit and to 
the secretion phase in man, nowhere do we find a real description of a 
secretion. This is j^artly e.xplained by the fact that in the mouse endo- 
metrium the uterine glands do not undergo the remarkable growth and 
ramification of the alveoli which so conspicuously alters the aspect of the 
rabbit endometrium (uterine lace). 

Now we will consider the histological aspect of a transverse section 
through a uterus with a blastocyst ready for implantation, fixed in 
Flemming’s fluid (Plate I, Figs. 1 and 2 ; Plate II, Fig. 3). These figures 
show an epithelium doubtless in most active secretion. The basement 
membrane is very well preserved, the cell borders are indistinct, but not 
entirely lacking, the nuclei are somewhat advanced towards the lumen, 
though not farther than to the centre of the cells, and some of them 
are still nearer to the base. The epithelium is slightly flattened in the 
neighbourhood of the blastocyst, as described by Sobotta [1901]. Radiat- 
ing from the nuclei we find, especially at the basal and the opposite end 
of them, a dense conglomeration of gi’anular secretion, forming a conspi- 
cuous black ribbon in the plasma of the epithelial cells (Plate II, Fig. 3). 
In the cells in Avhich the section did not touch the nucleus, or Avent only 
through a small segment of it, the secretion granules fiU the Avhole body 
of the cell, showing that the granular secretion completely surrounds the 
nuclei. The same secretion appears, principally basally, in the epithelium 
of the uterine glands (Plate III, Fig. 7). 

The stroma shows decidual changes, a syncytial cytoplasm, great round 
nuclei, and many capillaries. 

The epithelial secretion, which appears only in the sections of uteri 
preserved in Flemming’s fluid, is present only in the uteri containing 
blastocysts ready for implantation. It appeared faintly in a uterus Avhich 
contained no blastocysts ; further investigation, however, led to detection 
of the ova in the oviduct, and the epithelium of the oviduct also shoAved 
the presence of the secretion. It is, therefore, Avithout doubt, a secretion 
connected Avith the presence of the blastocyst and proving the preparation 
of the endometrium for the reception of the egg. This preparatory stage, 
the secretion stage, is the corpus luteum phase diu’ing Avhich the epithelium 
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is under the influence of this gland. This corpus luteum of early pregnancy 
is apparently different ; it is perhaps stronger functionally, although not 
morphologically, than the corpus luteum of the genital cycle imaffected by 
pregnancy. (E. Allen flnds no difference during the first four days.) In 
the uteri containing no eggs the corpus luteum indeed never provoked 
the secretion. It might, however, be that it existed for a short time, but 
disappeared so soon again that it could not be detected. 

In some places (Plate I, Fig. 1) the secretion seems to migrate into the 
cells of the blastocyst. As, according to Comer (1928), the corpus luteum 
secretion is necessary for the nutrition of the egg until it becomes im- 
planted, this observation, as well as the presence of the secretion in the 
oviduct epithelium, can easily be explained in this way. This interpreta- 
tion is confirmed by the following observation. Figs. 4, 5, and 6 (Plate II) 
represent transverse sections through a uterine horn containing a series 
of embryos already implanted. We can see that the secretion diminishes 
and vanishes wherever the sections approach the implanted embryo (Figs. 
4 and 5 are of sections which border on the zone containing the blastocyst). 
Between the implantation sites the secretion is still visible, and that only 
on the raesometrial side of the horn (Plate II, Fig. 6). This rhythm is 
repeated for every germ. We thus have an epithelial tube in which the 
secretion, which had been present in the whole length before implantation, 
has vanished in and around the implantation sites, but is still preserved 
in between these zones on the mesonietrial side of the tube, that is to say, 
on the side where implantation does not occur. The secretion seems there- 
fore to have been exhausted by the implantation and absorbed by the 
blastocyst. 

In Plate III, Fig. 7, representing a section of a horn in which the 
secretion has been experimentally produced (see below) and is much 
stronger, we see that it is more intense on the anti-mesometrial side of 
the lumen than on the mesonietrial. (E. Allen finds that along the line 
of attachment of the uterine ligament there are no uterine glands; I can 
fully confirm this observation.) The fact that the secretion is stronger on 
the anti-mesometrial side may mean in the first place greater readine.*^ 
of this side to receive the ovum, but it might also be taken os the cause 
provoking implantation on tin's side. We may assume tliat the eggs are 
chemotactically attracted b\' the zone presenting the inten>e .-.ecretion. 
the latter thus cau^ing their attachment to the mucosa. This would be 
a proof that the stimulus for implantation is exercised by the .accreting 
epithelium, that is to say, that the uterine wall plays the active, tiie ovum 
the pa,v>ive part among the factors which cause implantation. This liypo- 
tliois docs nut, however, exclude the p<i.v''ibi]ity tliat the action of tiie 
epithelium is lollowcd by a reaction ol tiie bl.Ustoevst and that, after 
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having penetrated into the epithelium, the embryo itself acts on the 
mucosa. 

There is another observation which allows a suggestion to be made con- 
cerning the spacing of the blastocysts in the uterus. Looking through the 
series of sections wo note a distinct rhythm in the intensity of the secretion 
along the length of the horn. Alternating with a section showing a stronger 
secretion on the anti-mesometrial side wo find one showing an equal 
secretion all round the lumen (Plate III, Figs. 7-12). The sections have 
been chosen at intervals out of the series, not, however, at mathematically 
equal distances. We may assume that the anti-mesometrial areas of 
intense secretion correspond to the implantation sites, i.e. that in these 
places the migrating blastocysts come to a rest at the place of their later 
implantation. In cases of delayed implantation where the blastocysts lie 
free in the lumen (see above) the secretion is indeed stronger in the 
neighbom’hood of the egg, but it has not yet migrated through the epithe- 
hum. It is mostly accumulated behind the nuclei as in Plate III, Fig. 7, 
whereas in the epitheUal cells of the uteri containing blastocysts just 
becoming implanted the secretion is equally strong on both sides of the 
epithelial nuclei (Plate I, Figs. 1 and 2), or even stronger on the side of 
the lumen. 

We cannot assume that the zones of intense secretion correspond 
numerically to the implantation sites, as, according to the findings of 
Merton [1937], the number of eggs in the oviduct does not correspond 
to the number of the new-born young, which means that the number of 
embryos of two successive litters is not the same in one uterine horn; 
but we can take it that not every one of a series of pre-formed areas is 
utilized for implantation. 

The Figs. 7-12 (Plate III) represent sections through a uterine horn 
containing no blastocysts, but in which the corpus luteum phase had been 
provoked by injections of synthetic corpus luteum hormone, a proof that 
the secretion is indeed produced by the activity of the corpus luteum. By 
using this injection method it will most probably be possible to employ 
the mouse uterus as a test object for progesterone. This will be the subject 
of a later paper. 


Summary 

Transverse sections through the mouse uterus containing blastocysts 
ready for implantation, fixed with Flemming’s fluid, show an intense 
secretion radiating from the nuclei of the epithelial cells. 

This secretion is interpreted as the principal criterion of the corpus 
luteum phase in the mouse endometrium. It is only to be found when 
pre-implantation blastocysts are present in the uterus ; it is therefore pro- 



407 


IMPLANTATION OF THE MOOSE EGG 

duced by the corpus luteum of early pregnancy which is different from 
the corpus luteum of the genital cycle. It demonstrates the active part 
played by the endometrium in the process of implantation. 

It is assumed that the secretion is absorbed by the blastocyst, thus 
providing its first nutrition. 

The secretion can be produced, when no eggs are present, by injections 
of synthetic corpus luteum hormone. It is more intense on the anti- 
mesometrial side of the uterine tube than on the mesometrial. It is also 
rhythmically increasing and decreasing along the length of the uterine 
horn. It is therefore suggested that the areas of strong secretion are 
chemotactically attracting the blastocysts, thus causing their implanta- 
tion in these places. 

I should like to thank Prof. A. Portmann for his encouragement and 
interest in my work which has been carried out in his institute. I am also 
indebted to iVIiss H. Sandreuter for the execution of the illustrations, and 
to the Society of Chemical Industry in Basle (Ciba) for generously provid- 
ing the synthetic corpus luteum hormone (Lutocyclin). 
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PLATE II 



Fio. 3. Trans\orso section througli a utoriiio horn 
sliowing tlio secretion in tlio opitlioliuin. x ^2 



Flo. 5. Transvoi-so section through tlxo zone of tho 
titorino horn bordering on tho implantation site, 
o secretion is to bo seen in the epithelium. X 288 



Fia. 4. Trans VO i*so section through tho zone of 
tho iitorino liorn bordering on tlio implantation 
site. No scemtion is to bo seen in tho epithelium. 
X 288 



Fig, C. Transverse section through a uterine horn 
showing tlio epithelial sccrotion on tho mesoinotrial 
side (above) only. X 52 
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GROWTH OF THE REPRODUCTIVE AND 
ENDOCRINE ORGANS OF THE FEMALE RABBIT 

By C. W. EZkDIENS 

From the National Institute for Medical Research, London, N.W. 3 
{Received 25 October 1939) 

In a previous communication from this laboratory, Deanesty and Row- 
lands [1936] analysed the growth of the reproductive and endocrine organs 
of male and female guinea-pigs. A similar investigation has now been 
made on the female rabbit, for which little information appears to be 
available. Brown, Pearce, and van AUen [1926a, 6] anal^^sed the organ- 
weights of apparently normal rabbits with reference to effects that might 
be produced by obscure lesions, but their data are not given in a form 
which enables any conclusions about the relation of organ- and body- 
weights to be drawn. Robb [1928, 1929] and AUanson [1932] investigated 
the growth of the pituitary body of male and female rabbits and agreed 
that its weight bears a constant relationship to that of the cleaned carcass. 

Material and Methods 

Animals. Eighty-three virgin female rabbits of from 2S0 to 2,640 g. 
gross body-weight were used. Forty-one were Dutch-marked, and forty- 
two were of the Himalayan breed, all from the colonies maintained at the 
Institute’s Farm Laboratories. 

Preservation and iceighing. The organs, except the pituitary glands, 
were fixed in Bouin’s fluid immediately after removal, left for 24 hours 
and then placed in 70% alcohol for a similar period before weigliing. The 
pituitary glands, not all of which were kept, were placed directly in 
acetone, since they were needed for other purposes, and weighed about 
2 days later. Weighing was done on a torsion balance, accurate to within 
il mg., except in the case of some of the heavier uteri, which were 
Weighed on an ordinary chemical balance. 

Trtatmcnt of results. The results are presented in the form of .scaiter- 
<liagrams. It has not been thouglit profitable to calculate regre.v-'ion lines 
or to convert the data into logarithmic forms, although the organ-weights 
frcipiently appear to bear a linear or .-simple curvilinear relation to body- 
\veight. A distinction has been maintained in the diagram-^ bcl^veen 
Duieh-inarked and Himalayan rabbits, siticc, in the ca>e of the a<ircnal 
glaiuL and uteri, there is evidence that the luo breeds dilfcr. Dulei: 
ra))bits are connoted in tlie diagrams by black dot>, and Himalayan rabbit-** 
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by open circles. VVlien considering the ovaries and uteri, the occasional 
rabbits which wore found to have ovulated arc connoted by black squares 
for the Dutch rabbits, and unshaded squares, or a dotted circle, for the 
Hiniala 3 ^an rabbits. 


Ovaries 

Fig. 1 shows the distribution of ovary-weights. At a body-weight of 
below 750 g. the ovaries remain small, weighing 30 mg. or less. From 



Fig. 1. Ovarian growth in rabbits. 

• Dutch rabbits, not ovulated. 

■ Dutch rabbits, ovulated. 

O Himalayan rabbits, not ovulated. 

□ Himalayan rabbits, ovulated. 

this point onwards, with the onset of puberty, growth becomes increasingly 
rapid, until rabbits with a body-weight of about 2 kg. have ovaries weigh- 
ing 200-800 mg. There does not appear to be a slowing of the ovarian 
growth-rate after maturity (these breeds of rabbit do not normally exceed 
about 2-5 kg. body-weight), nor is there any obvious difference between 
the ovary-weight curves for Dutch and Himalayan rabbits. 

It will be seen from the figure that 5 Dutch and only 1 Himalayan 
rabbit had ovulated prior to killing. This is in accord with our previous 
experience, that Dutch rabbits are more liable to ovulate without coitus 
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than are the Himalayans, although the figures would probably have been 
lower had all virgin females been strictly isolated from one another. In 
many instances they were caged in pairs for a period before they were killed. 
The curve for rabbits differs from that for rats [Donaldson, 1924] and 



Fio. 2. Uterine growth in rabbit?. 

• Dutch rabbits, not o\Milatcd. 

■ Dutch rabbits, ovulated. 

O Himalayan rabbits, not ovulated. 

0 Himalayan rabbits, ovulatc<l. 

guinea-pigs [Deanesly and Rowlands, 193G] in the absence of flattening 
at the higher body-weights. In common with that for the guinea-pig, 
liowcver, the curve shows a more gradual rise at puberty than that for 
the rat, in which corpora lutoa form a large proportion of the ovary. The;>e 
are not present in the ovary of the virgin rabbit, unless a chance ovulation 
has occurred within a few weeks of examination. 

Uteri 

bteriuc weights are shown in Fig. 2. Tiic inen-.u-e in ovarian wciglit is 
reileclcd at the on>ot of puberty, at a little below a body-ueiirlit of 1 kg., 
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by an even sharper rise in uterine weight. Below a body-weiglit of GOO g. 
the uteri of both breeds are regularly less than GO mg. Between a body- 
weight of GOO and 800 g. the}’’ may rise to 200 mg., and at about 800 g. 
a sharp rise occurs in the uterine weights of Dutch rabbits, which may be 
as much as 2 g. in rabbits of 1-2-1-4 kg. This rise is not so sharp, however, 
in the Himalayans, until a body- weight of 1-4 kg. is passed. Below 1-4 kg. 



Fig. 3. Growth of the thyroid glands in fomulo rabbits. 
• Dutch rabbits. 

O Himalayan rabbits. 


body- weight, the uterus of Himalayan rabbits remains less than 600 mg., 
and is usually about 300 mg. By the time a body- weight of T6 kg. is 
reached, the uterine weight has risen steeply to 1-3 g., and follows in the 
diagram a line apparently parallel to that for the Dutch rabbits, but 
shifted towards the heavier end of the body-weight scale by a distance 
representing about 400 g. 


Thyroids 

The weight of the thyroids of both breeds appears to bear the same 
linear relationship to body -weight (Fig. 3). A similar approxinrately 
linear relationship was found by Deanesly and Rowlands [1936] for the 
guinea-pig and by Donaldson [1924] for the rat. The scatter at the higher 
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Dody-weights is not so extreme as that found by Deanesly and Rowlands 
1936] in the guinea-pig. 


Adrenals 

Figs. 4 and 5 are scatter-diagrams of the weights of the left and right 
adrenal glands respectively. The left adrenal is usually heavier than the 
right, but not invariably so. In the rat [Donaldson, 1919] and guinea-pig 



Fio. 4. Growth of tho left adrenal gland in female rabbit-s. 
• Dutch rabbit-s. 

O Himalu^’an rabbits. 


[Deanesly and Rowlands, 1936] it appears that the left adrenal Ls always 
the heavier. The relationship of adrenal-weight to body-weight is again 
approximately linear for both breeds, but tiic adrenals of Himalayan 
rabbits increase more rapidly in weight than tliose of Dutch rabbits. A 
difference in adrenal-weight between the two breeds is apparent at all 
body-weights above 1 kg. A further difference between Dutch and Hima- 
layan rabbits, not perhaps obvious from the diagrams, is that the difference 
in weight between the left and right adrenal is usually greater in the latter. 
In an extreme ciuse, tlie left adrenal of a Himalayan rabbit of body-ueighi 
-■02 kg. was 112 mg. heavier than tlie right adrenal, and a dilTerence of 
30-’U) ing. is not uncommon. In the Dutch rabbits the irreatc^^t difference 
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found was 21 mg. At the same time, however, it is just as common to 
find the right adrenal of a Himalayan rabbit heavier than the left (3 cases) 
as in Dutch rabbits (3 cases). 

The scatter of the Plimalayan adrenal-weights also appears greater than 
that for the Dutch rabbits, but this is probably a reflection of the increase 
in scatter which is usually found as the weight of an organ increases. 



Fig. 5. Growth of the right adrenal gland in female rabbits. 

• Dutch rabbits. 

O Himalayan rabbits. 

Pituitary gland 

The weight of the pituitary gland of some of the rabbits after acetone 
desiccation is shown in Fig. 6. Its weight is, of course, considerably 
reduced by this procedure, and probably rendered less reliable. The 
diagram serves to show, however, that no difference need be suspected 
between the two breeds of rabbit. The form of the growth curve is not 
easily seen, as although there appears to be a flattening of the curve 
from 1 kg. to 1-6 kg. body- weight, this may be a chance phenomenon. 
On the other hand, this slowing of the growth-rate occurs at about puberty, 
and may have some significance. Such a slowing Avas apparently not 
round by Robb [1928], but Allanson’s [1932] diagrams also show it. 
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Disctrssioir 

The main interest of this study, apart from its use for the pvurposes of 
controlling experimental work with rabbits, is the difference in some of 
the growth curves for the two breeds of rabbit. 

The later development of the uterus, and the more rapid growth of the 
adrenal glands in Himalayan rabbits cannot, however, be considered as 



Fiq. 0. Growth of tho pituitarj* gland (ocetonc-dricd spccimcnij) in fcmalo rabbits. 

• Dutch rubbitd. 

O Himalayan rabbit-s. 

correlated in any essential fashion with the external differences. The two 
breeds of rabbit are not crossed, and these differences are in all probability 
due to a complex of genetic factors which differ in the two strains, and 
not to environment, since the animals are reared under the same conditions. 
The older Himalayan rabbits also tend to lay down more fat tlian the 
Dutch rabbits, but this cannot be huppo^ed to inlluence the growth curves 
for organs in any regular fashion, as tlie diflerence in fat dci>or.iiion 
id not apparent until a body-weight of more than l-a kg. Ls n^ached. 
ilorcover, an allowance for ihLs factor would inercac-e the tiiifcrcnLO 
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between the adrenal-weiglits of the two breeds, although not that be- 
tween uterine weights. 


SUiAiaiARY 

The growth of the ovaries and uterus, and of the thyroid, adrenal, and 
pituitary glands has been studied in female Dutch and Himalayan rabbits. 

The uterus develops more rajjidly in Dutch rabbits than in Himalayan, 
but the adrenal gland develops more slowly in Dutch rabbits and does 
not attain the same weight as that in Himalayans. No difference was 
detected in the other organs. 
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THE EFFECT OF PROGESTERONE ON THE 
GONADOTROPHIC POTENCY OF THE RAT’S 

PITUITARY 

By HAROLD BURROWS 

From the Chester Beatty Research Ijistitute, The Royal Cancer Hospital {Free), 

London, SAY. 3 

{Received 2 November 1939) 

Several facts have suggested that the gonadotrophic potency of the 
pituitary may be diminished by progesterone. 

Loeb [1914] noticed that extirpation of the corpora lutea in the guinea- 
pig was followed by an earher onset of the next ovulation, and that this 
occurred even if the animal were in the early stage of pregnancy, ifore- 
over, an artificially caused extra-uterine pregnancy, which led to degenera- 
tion of the corpora lutea, was accompanied by ovulation in spite of the 
presence of a living embryo within the abdomen. These phenomena might 
be explained by supposing that the luteal hormone progestin inhibits 
ovulation by its action on the pituitary. 

Papanicolaou [1920], also using the guinea-pig, found that removal 
of the corpora lutea within 24 hours after oestrus and ovulation accelerated 
the onset of the next oestrum, the interval between the successive oestra 
being reduced to 11 days instead of the normal lG-17- Removal of the 
corpora lutea on the 4th, Sth, or 12th day after oestrus also reduced the 
interval. From these facts Papanicolaou concluded that the corpora lutea 
inhibit oestrus. Subsequently [192G] he discovered that a lipoid extract 
of corpora lutea inhibits oestrus and ovulation in the guinea-pig. Parkes 
and Bellerby [1927] prepared an extract from cow’s corpora lutea which 
inhibited oestrus in the mouse, Gley [I92S] effected a similar inhibition 
of oestrus in the rat by means of an extract of sow’s corpora lutea, and 
‘^mith and Engle [19112] were able to prevent menstrual bleeding in the 
monkey by daily injections of progestin. 

Corner [1935] gave daily doses of one rabbit unit of proge^jtin to six 
rhesus monkeys with the re^sult that no inen>trual bleeding occurred so 
long as the administrations were continued, whereas after ce.'~''ati(in of 
the injections uterine bleeding occurred within 5-S days. ^'eKe, Brown, 
an<l Collip [l'j:U)] obtained arrest of oestrus cycles in liie rat by daily 
inject ions of *1 mg. of {Progesterone, This trcatniefit, they observed, eati.'cd 
alro})hy of the t)vary and enlargement of the |>iluitary gland. 

During pregnancy, that is to say in tiie {‘re.-^-nee of active curi.c>ra lutea, 
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it has been shown that the gonadotrophic potency of the pituitary is 
reduced. Bacon [1930] implanted small pieces of the anterior pituitaries 
of cattle into inice weighing not more than 10 g., and, using the appearance 
of precocious oestrus as the criterion of gonadotrophic elfect, he found 
that the gonadotrophic content of the cow’s pituitary was decidedly 
reduced during pregnancy. Hill [1932] arrived at a similar conclusion by 
a different method. He studied female rats which had been joined in 
parabiosis. When two normal females are united in this way their oestrous 
cycles are not affected ; if, however, one of them is pregnant her fellow 
goes into a state of continued anoestrus, a condition which suggests a 
deficiency of gonadotrophic hormone consequent on the pregnancy of the 
partner. Philipp [1930] tested the pituitaries of 4 men and 12 non-pregnant 
Avomen, dead from various causes, for gonadotrophic potency. The test 
animals showed positive responses in every instance. He carried out similar 
tests Avith the pituitaries of 10 Avomen Avho had died during pregnancy 
or shortly after parturition. Nine of these Avomen had reached the 
seventh month or a more advanced stage of pregnancy, and in all these 
cases the test animals gave negative responses. The remaining case Avas 
that of a Avoman Avho aborted at about the third month, and in this instance 
a doubtfully positive test Avas obtained. 

BurroAvs [1939] found that 1 mg. of progesterone given three times a 
Aveek to young Wistar rats prevented the descent of the testes into the 
scrotum — an effect Avhich is also produced by androgens and oestrogens, 
both of Avhich types of hormone are knoAvn to check the supply of gonado- 
trophin by the pituitary. The treatment of undescended testes in boys 
by injections of gonadotrophin is the result of a not ill-founded belief that 
gonadotrophin plays an essential part in the descent of the testes into the 
scrotum. 

Despite the suggestiveness of the observations quoted above, the Avriter 
Avas not aAvare of any direct experimental test of the elfect of progesterone 
on the gonadotrophic potency of the pituitary, and it Avas to meet this 
want that the experiment about to be described Avas undertaken. Since 
then Herlant [1939] has described experiments on rats to test the matter, 
and his results shoAv that progesterone given in sufficient doses reduces 
the gonadotrophin content of the pituitary in the rat. 


Method 

TAvelve young adult Wistar rats Avere used. Six of these Avere given 
four daily subcutaneous injections of 5 mg. of progesterone dissolved in 
1 c.c. of sesame oil, the other six being given injections of 1 c.c. of sesame 
oil alone. On the fifth day the rats Avere killed and their pituitaries Avere 
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implanted into female dba mice weighing 10-13 g., each mouse receiving 
one pituitary. The mice were killed four days later and their genital organs 
were weighed. 

Results 

In every instance the genital organs were smaller in those mice which 
had received pituitary implants from the progesterone-treated rats than 
in the controls. The results are summarized in Table I. 

Table I 

Mean weights of organs of recipients 
expressed in mg. per 10 g. body- weight 

^ A ^ 

Uterus Vagina Ovaries 

33-9 39-7 7*6 

60-5 58-3 10*5 

Summary 

The results indicate, in so far as the numbers allow any conclusion, 
that progesterone in the doses employed reduces the gonadotrophin content 
of the rat’s pituitary. 


Source of 
pituitary implants 

Progesterone -treated rats 
Control rats 


The progesterone used in this experiment was generously supplied by 
the Ciba Company. 
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DISTURBANCE OF GROWTH BY DIETHYL- 
STILBOESTROL AND OESTRONE 
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From the Phannaco-therapcutic Departments of the Universities of 
Leiden and Amsterdam, Holland 

{Received 2 November 1939) 

The discover}’’ by Dodds, Golberg, Lawson, and Robinson [1938] of a 
new synthetic oestrogenic substance, diethylstilboestrol, with an oestro- 
genic potency resembling that of oestrone [Dodds, Lawson, and Noble, 
1938; Freud, 1939] has stimulated investigations dealing with the further 
biological properties of this compound. The action of dieth 3 ’lstilboestrol 
proves to be similar in many respects to that of oestrone. This applies 
to its effect on the uterine mucosa [de Fremery and Geerling, 1939], the 
hypophysis [Noble, 1938], the male genital system [Gaarenstroom, 1939 6], 
the feathering of cocks and the comb of the capon [Miihlbock, 1939], 
the sex of the chick embryo [Gaarenstroom, 1939 a], &c. 

The synthesis of diethylstilboestrol is comparatively cheap and there- 
fore this compound arouses clinical interest. With regard to its clinical 
application it Avas necessary to have exact information about a possible 
toxic action, since Loeser [1939] and Cobet, RatschoAv, and Stehner [1939] 
recently reported toxic effects folloAving its use in several species of 
animals, Avhich Avere not produced by corresponding amounts of oestrone. 
These effects consisted of vaginal and intestinal bleedings, degenerative 
changes in liver and kidneys, a disturbance of the general condition, &c. 
Further, the carcinogenic effect of diethylstilboestrol is claimed to be 
much greater than that of oestrone [Lacassagne, 1938]. On the other hand, 
the lethal dose for dogs, folloAving daily administration, proved to be the 
same for both [TisloAA’itz, 1939; Arnold, 1939]. The clinical application of 
diethylstilboestrol seems to be frequently accompanied by toxic symptoms 
such as nausea, vomiting, abdominal pain, fatigue, and nervousness [Busch- 
beck and Hausknecht, 1939; Moricard and Saulnier, 1939; Varangot, 
1939]. Bishop, Boycott, and Zuckerman [1939], hoAvever, observed no 
notable disturbances arising from its clinical administration. There is 
some evidence, therefore, to shoAV that diethylstilboestrol possesses a 
greater activity than oestrone in the pi'oduction of certain toxic effects. 
In vieAV of this fact Ave investigated the extent to Avhich a Avell-knoAvn 
undesirable effect of oestrone, the groA\dh inhibition folloAving its admini- 
stration in large doses, is produced by diethylstilboestrol. 
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As a measure of the rate of growth, the increase in body-weight may be 
considered. The increase in body-weight, however, is a suitable measure 
for body-growth only when, during treatment, the constitution of the 
body is not altered in a qualitative sense. As the occurrence of such an 
alteration could not be excluded, the increase in length of the bones was 


Table I 

Body-weight 


No. of 


Duration 

Before 

After 

% 

animals 

Daily doso 

of treatment 
Days 

treatment 

g- 

treatment 

g* 

increa-se 

8 

5 /ig. stilboestrol 

28 

72 (57-84) 

103 (92-112) 

43 

8 

5 /xg. oestrone 

28 

72 (60-86) 

134 (113-50) 

86 

8 

0*2 c.c, olive oil* 

28 

74 (66-82) 

138 (132-60) 

87 

5 

20 /xg. stilboestrol 

14 

156 (139-71) 

150 (134-68) 

—4 

5 

20 /xg. oestrone 

14 

156 (136-98) 

191 (176-236) 

23 

5 

0*8 c.c. olive oil 

14 

150 (143-62) 

206 (198-214) 

36 

6 

250 /xg. stilboestrol 

14 

94 (84-103) 

97 (86-117) 

3 

6 

250 /xg. oestrone 

14 

96 (86-111) 

105 (85-127) 

8 

8 

0-2 c.c. olive oil 

14 

95 (85^110) 

146 (133-81) 

54 

8 

500 /xg. stilboestrol 

14 

99 (86-107) 

98 (78-109) 

— 1 

8 

500 /xg. oestrone 

14 

84 (70-105) 

95 (68-124) 

13 


♦ Olive oil, being the solvent of the two oestrogens. 


determined as a second criterion. The use of two criteria raises the 
possibility of conflicting results, the occurrence of which, however, should 
only confirm the well-known fact that increases in body-weight and bone- 
growth do not necessarily run parallel. 

Results 

Inhibition of body-weight increase by diethylstilboesiroL 

As may be seen froin Table I, the body-growth of immature rats is 
already remarkably inhibited by the daily administration (by subcutaneous 
injection) of 5 /ig. diethylstilboestrol. After four weeks’ treatment the 
increase in weight was only 411%, that of the control animals being S7%. 
The same dose of oestrone had no effect whatever on the bod3'-growth, 
the increase in weight being SG%. When a dosage of 20 /xg. wiis given 
daily to mature rats, growth was only slightU' inhibited b^' oestrone 
(increase in weight of oestrone group 23%, controls 30^^), but much more 
by diethylstilboestrol ( — After increasing the daih' dose to 230- 
oUO pg., body-growth was considerabK’ inhibited bv both substances, the 
eflect of oestrone, however, being always less than tliat of diethyl- 
.stilboestrol. 
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Effect of pituitary growth hormone on the inhibition of body-weight increase 
by oestrone and diethylslilboestrol. 

A decrease of the production of growth hormone might account for the 
inhibition of body-weight increase by oestrogens. We therefore made the 
following observations to see whether the inhibiting effect of oestrone 
and diethylstilboestrol on growth was counteracted by the simultaneous 
administration of growth hormone. The results are given in Table II. 


Table II 

Body-weight 

it 

Boforo 

After % 


Daily dose 

treatment 

fr. 

treatment 

rr 

increase 

10 pg. stilboestrol+ 10 units G.H.* 

89 (81-110) 

tS* 

124 (121-8) 

39 

10 pg. „ +NaOHt 

99 (90-114) 

138 (120-52) 

39 

10 pg. oestrono+lO units G.PI. 

91 (82-106) 

142 (132-66) 

56 

10 pg. „ +]SraOH 

101 (82-116) 

155 (133-91) 

54 

0*1 c.c. NaOH“h0*l c.c. olive oil 

90 (86-92) 

156 (139-72) 

73 

10 fiQ, stilboostrol-flO units G.H. 

104 (95-108) 

123 (94-142) 

18 

10 pg. ,> -f NaOH 

103 (92-106) 

110 (101-23) 

6 

10 pg. oestrone+10 imits G.H, 

101 (92-106) 

136 (122-51) 

35 

10 pg. „ +NaOH 

101 (91-110) 

131 (128-34) 

30 

0*1 c.c. NaOH-j-O*! c.c. oHve oil 

99 (94-104) 

136 (127-43) 

37 

250 pg. stilboestrol-f 16 units G.H. 

90 (82-95) 

93 (89-97) 

3 

250 pg. 

94 (8*1-103) 

97 (86-117) 

3 

250 pg. oestrono+12 units G.H. 

102 (98-105) 

122 (98-140) 

20 

250 pg. „ 

96 (86-111) 

105 (85-127) 

8 

0*2 c.c. olive oil 

98 (87-107) 

125 (116-46) 

27 

In the 10 pg. experiments groups of 4 rats were 

injected for 21 days, in 

the 250 pg 


experimonts groups of 6 rats wore injected for 14 days. 

* G.H. = growth hormone. 

t 0*01 N NaOH, being the solvent of the growth hormone. 

Since the daily administration of 10 yg. oestrone had only a slight (if 
any) inhibiting effect on increase in body-weight, any antagonistic action 
between this dose and growth hormone was difficult to ascertain. When 
the dose of oestrone was increased to 250 yg. daily, the growth hormone 
was found to counteract the growth-inhibiting influence of this dose of 
oestrone, the increase in weight during 14 days being only 8% after 
treatment with oestrone and 20% after treatment with both oestrone and 
growth hormone. 

An antagonism between a daily dosage of 10 yg. diethylstilboestrol and 
growth hormone was not observed in the first experiment but appeared 
to exist to some extent in the second. In the second experiment, how- 
ever, the percentage increase in body-weight after combined treatment 
was abnormally raised by one rapidly growing animal and so probably 
did not represent the truth. It was also found that the effect of 250 yg. 
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diethylstilboestrol could not be lessened by the simultaneous administra- 
tion of growth hormone, and it may be concluded that growth hormone 
is unable to counteract the inhibition of the increase in body-weight pro- 
duced by diethylstilboestroL 

Disturbance of bone development produced by diethylstilboestrol and oestrone. 

As reported previously [Freud and Levie, 1938; Levie, 1938; Freud, 
Kroon, and Levie, 1939; Levie, 1939] the point of action of the pituitary 
growth hormone is shown to be the epiphyseal junction. When, therefore, 
the action of growth hormone is altered by oestrogens, this should manifest 
itself by a disturbance in bone development. The growth in length of the 
bone may be readdy controlled by means of skiagrams of the tail of the 
rat [Freud and Levie, 1938; Levie, 1939], so we used this method to 
investigate the influence of oestrone and diethylstilboestrol on bone de- 
velopment. This was completed by histological examination of the epiphy- 
seal disks. Groups of rats which weighed from 80 to 90 g, at the beginning 
of the experiment were treated daily during periods of 14-21 days with 
50-1,000 pg. oestrone or diethylstilboestrol. ^ controls a comparable 
group of rats received 0*2 c.c. olive oil daily for a similar period. The 
length of the tail was measured before and after treatment. The data 
obtained are given in Table III. 

As might be expected, oestrone produced a very considerable inhibition 
of bone-growth, the increase in length of the tail during 14 days, which in 
the control animals was 13*5-25-0 mm., being reduced to 6*5-9 mm. This 
effect, resulting from a daily dosage of 250 /xg. oestrone, was not increased 
when the dose was raised to oOO or 1,000 pg., thus proving to be maximal. 

Mg' oestrone daily were found to have no influence on tail-growth. In 
this connexion it is worth noting that the effect of 200-250 /xg. diethyl- 
stiiboestrol, administered daily, was more pronounced than this maximal 
effect of oestrone, tail-growth being almost completely arrested. A daily 
dosage of 10-100 pg. diethylstilboestrol proved to be sufficient to obtain 
an inhibition of tail-growth equal to that produced by 250-1,000 pg. of 
oestrone under similar conditions. 

Growth in length of other bones \vas likewise inhibited. The length of 
the femur, for example, reached only 23*8 mni. when oestrone (500 pg. 
daily) was administered for 21 days, while the average length in the control 
animals was 20 mm. (range of 0*1 mm.). 

The X-ray pictures of the tail showed tliat the inhibition of tail-growth 
'vas accompanied by tlie disappearance of a number of epiphy.-eal af>er- 
turcs. In the control animals an average of 1*0 epiphyseal aiK'rturi*s dLs* 
api)eared during 21 days, while after oe^jtrone treatment 3*2. and after 
treatment with dietiiylstilboestrol S*1 epiphy^eal apertures dLapj>earvd. 
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This again demonstrates a significant difference in the relative potencies 
of oestrone and diethylstilboestrol. 

When treatment was discontinued, the tails of the animals of the 
oestrone group started growing again and the epiphyseal apertures re- 
appeared [Levie, 1938]. The animals which received diethylstilboestrol 


Table III 


No. of animals 

Daily doso 

Duration 
of treatment 

Average increase 
in tail-length 


Mg- 

Days 

mm. 

D iethyUt ilbocstrol 

0 

10 

M 

10*0 

6 

20 

14 

10-G 

C 

20 

13 

8-0 

G 

100 

14 

9-2 

5 

200 

14 

IG 

6 

260 

14 

G*8 

6 

250 

14 

1-3 

6 

500 

14 

G-8 

8 

500 

19 

1*7 

Oestrone 

6 

50 

14 

18-2 

6 

250 

14 

0*5 

6 

250 

14 

4*8 

8 

500 

19 

7*0 

6 

500 

14 

9*0 

6 

500 

14 

10*0 

6 

500 

21 

9*0 

6 

1000 

21 

9*0 

Olive oil 

36 

c.c. 

0-2 

14 

19*0 

8 

0*2 

19 

19*0 

6 

0-2 

21 

38*0 

6 

0-2 

21 

38*0 


on the contrary showed no increase in tail-length and no reappearance of 
epiphyseal apertures following the cessation of treatment. Table IV shows 
the increase in tail-length during a period of 14 days immediately following 
the last day of injection (see also Plate II, Figs. 6 and 7). 


Table IV 


No. of 

Daily 

Average increase in tail-length 
during 14 days immediately 

animals 

treatment 

following treatment 

6 

250 /ig. stilboestrol 

mm. 

1*2 

6 

250iL.g. 

2*8 

6 

600 ixg. „ 

4*4 

6 

250 /4g. oestrone 

10*4 

6 

500 /itg. 

10*0 

6 

1000 /Lig. „ 

14*0 

15 

0*2 c.c. olive oil 

10*5 
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Toxic aclion of large doses of diethylslilboestrol and oeslrone. 

In view of the fact that the damage caused by dictliylstilboestrol 
proved to be in several respects more intense than that brought about by 
the same amounts of oestrone, it seemed of interest to know if there was 
any difference in the rate of mortality between the groups when both 
substances were administered daily in large doses 


Table V 


Daily doso 
250 ^g. ocstrono 

250 /ig. „ 4“ 12 units G.H.* 

0*2 c.c. olivo oil 


Duration 
of treatmunt 

Days 

14 

14 

14 


Average increase 
in tail-length 

inm. 

6*5 

10*0 

13*7 


250 /Lig. stilboestrol 14 

250 fig* „ 4-16 units G.H. 14 

0*2 c.c. olivo oil 14 

G animals in each group. 

* G.H. = growth hormone. 


3*0 

3*4 

25*0 


Table VI 



Weight 



/ 

• , 

No. of 

before 




Time after 

animals 

treatment 

Sex 

Daily treatment 

No. 

first injection 


g* 




Days 

10 

20 

F 

200 fxg, stilboestrol 

8 

8(2), 9(4), 11, 16 

6 

19 

F 

200 jug. oestrone 

2 

— 

5 

20 

F 

200 fig. oestradiol benzoate 

0 

— 

10 

20 

F 

200 fig. 

2 

19(2) 

10 

22 

M 

200 fig. stilboestrol 

3 

11, 15, 17 

5 

22 

M 

200 fig. oestrone 

0 

— 

5 

23 

M 

200 fig. oestradiol benzoate 

1 

18 

10 

23 

M 

200 fig. 

1 

18 

5 

19 

F 

50 fig. stilboestrol 

0 

— 

5 

19 

F 

50 fig. oestrone 

1 

17 

5 

23 

M 

50 fig. stilboestrol 

0 

— 

5 

22 

M 

50 fig. oestrone 

1 

3 


The animals were injected for 21 days. 


In order to investigate this, daily doses of 50-200 jj-g. diethylstilboestrol 
were given to adult male and female mice, other groups of animals receiv- 
ing the same amounts of oestrone or oestradiol benzoate. A last group 
was treated with oil only. The rate of mortahty occurring during the three 
weeks treatment is illustrated by the data given in Table VI. 

The number of deaths brought about by the daily administration of 
200 [xg. of the various substances was found to be much larger in the 
diethylstilboestrol group than in the group to which the other two oestro- 
gens were administered. This fact is especially demonstrated by the death- 
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rate of the females (8 out of 10 after diethylstilboestrol treatment; 2 out 
of 10 after oestrone or oestradiohbenzoate treatment). The males in 
general proved to be more resistant, but the same relative positions 
regarding toxic properties between diethylstilboestrol and the other two 
oestrogens existed. Daily treatment with 50 /xg. was not suflScient to 
endanger the life of the animals: the deaths of one male and one female 
which received oestrone may be regarded as having occurred by chance. 

After cessation of treatment the remaining animals were killed. At 
autopsy the weights of liver, heart, and kidneys proved to be normal. 
The histological examination of the kidneys revealed nothing worthy of 
note. The livers of the mice treated with diethylstilboestrol showed an 
increase of the Kupfer ceUs, which may be considered a general reaction 
to intoxication. The livers of the animals treated with oestrone showed 
the same anomaly to a less degree. 

Discussion 

The experiments described demonstrate in the first place that the 
administration of diethylstilboestrol causes a remarkable inhibition of 
growth. Increase in body-weight as well as in growth of the skeleton 
was inhibited by relatively small doses (5-20 ^g. daily) and totally arrested 
when the daily dose was increased to 200-50 pg. 

The inhibition of gro\vth produced by oestrone was much less pro- 
nounced ; larger amounts were required to obtain corresponding results and 
the maximal effect of oestrone (which did not arrest growth) was con- 
siderably exceeded by diethylstilboestrol. 

A close correlation between the effect of the two oestrogens on body- 
weight and on bone development exists. It may be concluded, therefore, 
that the inhibition of body-weight increase is consequent upon the dis- 
turbance of bone-growth. 

Small doses of oestrone (10-20 fxg.) sometimes cause a slight inhibition 
of body- weight increase without affecting bone-growth. A disturbance 
in the general condition, causing a decrease of the food intake may account 
for this. 

Since the effect of the larger doses of oestrone on growth inhibition is 
almost completely counteracted by growth hormone, the effect of oestrone 
might depend on inhibition of the production of growth hormone by tlie 
hypophysis, as already i)ostulated by Zondek [1937]. An antagonistic 
action at the epiphyseal junction between oestrone and growth liormone 
IS, however, a more likely explanation, since the anomalies occurring at 
the epiphyseal junction after administration of oestrone are not identical 
with those following hyiK^physectoiu}’. When the production of growth 
hormone is alone lacking tlie epiphyseal junction becomes closed by 
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formation of a bony plate, which is the typical indication of finished bone- 
growth. Such a bony plate is never generated by the administration of 
oestrone. 

Neither is a bony plate formed after treatment with diethylstilboestrol, 
which indicates a certain conformity of action of the two substances. 
A direct action on the epiphyseal junction may therefore be accepted 
concerning diethylstilboestrol also. The effect of diethylstilboestrol on 
the epiphyseal disks, however, is not counteracted by growth hormone 
and is irreversible ; the corresponding effect of oestrone on the other hand 
is neutralized by growth hormone and is reversible. This supports the 
supposition that between the effects of oestrone and diethylstilboestrol 
on the epiphj'^seal junction not only a quantitative but also a qualitative 
difference exists. 

The higher rate of mortality in mice brought about by diethylstilboestrol, 
when compared with oestrone, illustrates in another manner the greater 
damage done by the first substance. The cause of the mortahty could 
not be ascertained, as no significant changes in the organs were observed. 
The reason may pei'haps be found in fatal anaemia, which also occm’s in 
dogs following administration of oestrogens. 

From the foregoing it may be concluded that, although diethylstilbo- 
estrol appears to be in many respects a suitable substitute for oestrone, 
great care must be exercised in its administration to humans. 

Summary 

1. The effect of oestrone and diethylstilboestrol in rats and mice Avas 
investigated Avith reference to : (a) Aveight increase of the body, (6) groAvth 
of bone, (c) duration of life. 

2. Oestrone inhibited body-Aveight increase in immature rats Avith doses 
of 250 p.g. or more (smaller doses only occasionally gave an effect). GroAvth 
of bone is likeAvise inhibited by 250 fig. oestrone or more administered 
daily, no greater effect being obtained by raising the dose to 1,000 fig. 
An arrest of groAvth therefore never occurred. The close correlation 
between the effect of oestrone on body-Aveight and on bone-groAvth favours 
the conclusion that the inhibition of body-groAvth is the consequence of 
the disturbance of bone development. Cessation of the oestrone treatment 
resulted in the recommencement of bone-groAvth. 

Oestrone does not retard bone-groAvth by inhibition of the production 
of groAvth hormone by the hypophysis, since the effect of oestrone at the 
epiphyseal junction is not identical Avith that occurring after hypophys- 
eotomy . The point of action therefore appears to be the epiphyseal j unction. 

Daily injection into mice of 200 /ag. oestrone killed 2 out of 10 females 
and 1 out of 10 males Avithin three Aveeks. 
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PLATE I 



Fio. 1. Growth disk of a proximal vertebra in a Fig. 2. Growth disk of a proximal vertebra in a 

rat 9 weeks old, treated daily for 14 days with rat 9 weeks old, treated daily during 19 days with 

0-2 c.c. olive oil. ilallory. X 170. 500 /xg. diethylstilbocstrol. Mallory, x 170. 



Fig. 3. Proximal growth disk of a tibia in a rat 9 weeks old, 
treated daily during 14 days with 0-2 c.c. olivooil. MalIor>'. X 170. 
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PLATE ir 



Fig. G. Proximal growth disk of tho tibia in a rat 
11 weelts old, 14 days after tho cessation of tho 
treatment for 14 days with 500 /xg. oestrono daily. 
Mallory. X 170. 


Fig. 7. Proximal growth disk of tho tibia in a rat 
11 weeks old, 14 days after tho cessation of tho 
treatment for 14 days with 100 /xg. diothylstilboestrol. 
Mallory. X 170. 



Fig. 8. Proximal growth disk of the tibia in a rat 
9 weelcs old, after simultaneous injection for 14 days 
with 100 /xg. oestrone and 12 U. growth hormone 
daily. Mallory, X 170. 


Fig. 9. Proximal growth disk of tho tibia in a rat 
9 weeks old, after simultaneous injection for 14 days 
with daily 100 /tg. diothylstilboestrol and 15 U. growth 
hormone daily. Mallory. X 170. 
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3. Diethylstilboestrol administered in corresponding amoimts inhibited 
body-growth much more than did oestrone. 

Growth of bone is inhibited by a daily dose of as little as 10 /ig., growth 
of bone being arrested by 100 /xg, or more daily. Xo effect of diethyl- 
stilboestrol on growth is counteracted by growth hormone. Cessation of 
treatment with diethylstilboestrol was not followed by a reappearance of 
bone-gro^vth. The changes occurring at the epiphyseal junction during 
the administration of diethylstilboestrol were not identical with those 
following hypophysectomy. So the point of action of diethylstilboestrol, 
like that of oestrone, seemed to be the epiphyseal junction. Several 
arguments, however, are in favour of the supposition that between the 
effects of oestrone and diethylstilboestrol on the epiphyseal disks a differ- 
ence exists, not only in a quantitative but also in a quahtative sense. 

In mice given 200 ^g. diethylstilboestrol daily 8 out of 10 females and 
3 out of 10 males died within three weeks, the death rate therefore being 
considerably higher than that resulting from oestrone under the same 
conditions. 
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Testosterone is being Avidely and successfully used in the clinical treat- 
ment of hypogonadal conditions in man [e.g. Hamilton, 19:57 a, b; Foss, 
1937; Miller, Hubert, and Hamilton, 193S; McCullagh, 1939], It stimu- 
lates the development of the external genitalia and of a masculine distribu- 
tion of hair; it also heightens the general masculine appearance of the 
body and face, gives a maseuline character to the voice, and induces 
the mental and behavioural characteristics normal to men. These clinical 
observations provide more detailed experimental knowledge about the 
control of secondary sexual characters than is possessed for any other 
mammal. Very little, for example, is recorded about the endocrine 
control of secondary sexual characters in sub-human primates. The only 
observations on the subject of Avhich Ave knoAV are ; (a) that the conspicuous 
cape of hair of the male Hamadryas baboon {Papio hamadryas) disappears 
and the pelage changes to the female t3^pe after castration [Antonins, 
1930; Zuckerman and Parkes, 1936, 1938, and see beloAA']; and (6) that 
testosterone propionate can lead to increase in Aveight and to development 
of sexual-skin coloration and aggressiA’-e behaviour in mature castrated 
male rhesus moiAkej^s [Zuckerman and Parkes, 1938]. The folloAving 
experiments provide further information Avhich bears on this general 
question. 

Hamadryas Baboon {Papio hamadryas, 175) 

Control observations. 

The animal Avliich Avas the subject of this experiment Avas a young but 
mature male Hamadryas baboon Avhich possessed the cape of long annu- 
lated silver-grey hair that is the outstanding characteristic of adult males 
of the species. This cape extends over the nape of the neck, the scalp, 
and on to the cheeks as long side-Avhiskers ; it ends at the loins. The square- 
cut bright pink buttock region, in the central part of Avhich are the callosi- 
ties, is hairless (Plate I, Fig. 1 a). 

Effects of castration. 

The animal Avas castrated under ether anaesthesia on 19 November 
1934. The bod 3 '’-Aveight at the time Avas 17-5 kg. Until 8 October 1936 it 
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received no treatment, and its pelage gradually assumed female character- 
istics. This change did not become noticeable until the middle of 
1935, but from then it proceeded rapidly until only its external genitalia 
and its longer snout distinguished it at first sight from a mature female 
of the species (Plate I, Pig. 1 6). 

The transformation can be best described under the following heads : 

Coat. The animal’s coat became a brown khaki colour streaked, as in 
the mature female, with silver. As in the female, the hairs became much 
more uniform in length, unlike those of the normal male which are much 
longer on the nape of the neck, the shoulders, and upper part of the back 
than elsewhere. The hairs of the cape region were mostly either a uniform 
dull grey-brown or, particularly towards their free ends, annulated in 
alternate bands of black and brown (Plate I, Pig. 2a). Moreover, the 
hair of the forearm was greyer than that of the arm, as in the female. The 
hair of the chest, however, was more silvery, and the cheek- wliiskers 
longer and greyer, than is usual in the female. 

Buttocks. The buttock region was less square-cut and smaller than 
it had been previous to castration. Its lateral and dorso-ventral dimen- 
sions were 172 and 78 mm. respectively, and the distance between the 
centre of the anus and a line joining the lower margins of the 
callosities was 62 mm. Hair covered the rounded margins of the buttock 
area. 

Snout. The snout of the mature male Hamadryas baboon is usually 
a bright puce or pink. In the castrated animal it was brownish, as in 
most mature females. 

External genitalia. The penis had not noticeably decreased in size and 
occasionally still became erect, although the frequency of erection became 
markedly less. 

General demeanour. Until the middle of 1935 the animal remained 
aggressively masculine in its general and sexual behaviour. Prom then 
onwards, with the change in its appearance, its attitude became more 
feminine, and at the beginning of the second phase of the experiment it 
was no more assertive than a mature female. 

The effects of treatment with testosterone. 

Between S October 1936 and 22 October 1937 the animal was injected 
once a week with testosterone propionate, 100 mg. being given weeklv 
during the greater part of the experiment. A total of 1-925 g, of the 
hormone was administered in the whole experimental period. On 19 Aj>ril 
1937 the animal was anae.>thetized with etlier, measured, and photugrapla*d 
(Blato I, Fig, Ic), and specimens of hair were taken from the regitjus ot 
the body which had been plucked before castration and before treatment 

rf 
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was begun. The following changes were observed during and at the end 
of the experimental period. 

Body-weight. Dming the period of injections the animal’s weight in- 
creased from 12-66 kg. to 16-19 kg. 

Coat. Before the injections were started the hair of the right side of 
the scalp, of the right shoulder, and of the right side of the back was 
clipped. 

At the end of the first two months of treatment it was noticed that the 
new hah’ which grew in the clipped regions was greyer than the ‘castrate’ 
hair. At the end of five months the normal cape had been largely restored, 
and at the end of the experimental period the animal’s coat was identical 
with that of a normal matm’e male, with the possible exception that there 
was a wide streak of brownish hair in the mid-dorsal line and a somewhat 
brownish coloration of the hair of the lower part of the cape and of the 
hind limbs. The transformation was associated with lengthening of the hair 
of the cape region, and with alterations in the character of the indi- 
vidual hairs. The grey hairs were much more silvery, and brown had 
disappeared completely from the fully changed areas, in which the hairs 
were either a uniform silver or, as over the shoulders, alternately barred 
black and silver — particularly the distal parts of the hairs (see Plate I, 
Fig. 26). Transformation of the individual hah’s in a male direction was 
complete over the forelimbs, shoulders, and cheeks. It was incomplete 
on the central part of the scalp, in the mid-dorsal line, and in the lower 
part of the back, where some brown was still present. It should, however, 
be noted that both Forbes [1894] and EUiot [1913], Avho provide the most 
recent comprehensive reviews of the Primates, regard a certain amount 
of ‘greenish- wash’ to be normal to mature male Hamadryas baboons. 

Buttocks. About a month after the start of injections the buttocks 
appeared to be larger, more prominent, and much brighter in colour than 
they had been previously. On 19 April 1937, when the animal was 
anaesthetized, the lateral and dorso-ventral diameters of the region had 
increased from 172 and 78 mm. to 195 and 105 mm., and by the end of 
the experiment had increased stfil further to 221 and 112 mm., respec- 
tively. The distance between the centre of the anus and the line joining 
the lower margins of the callosities had not increased. During the latter 
part of the experiment the buttocks were always a very bright pink. This 
was presumably due to vascular engorgement, as the skin could be made 
to blanch on pressure. At autopsy it was also found that the skin of the 
buttocks was underlaid by a large amount of fibro-fatty tissue. 

Snout. Within a fortnight of the start of injections the animal’s face 
began to flush, and it soon assumed the colour normal to matm’e males. 

External genitalia. Erections became more frequent almost immediately 
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after the start of injections, and the penis, as far as its base, became intensely 
red. Measurements failed to disclose any significant increase in its length. 
General demeanour. As the experiment progressed there was a con- 
siderable increase in the animars vitality, aggressiveness, and sexual 
interest. This lasted into the latter part of the experiment, when its 
health began to decline. Its illness took the form of occasional ‘fits’, 
and it died without regaining consciousness after a general convulsion. 
Autopsy failed to reveal any lesion to account for the illness, which had 
also failed to respond to vitamin B therapy. 

Drill {Mandrillus leucophoeus, 223) 

Control observations. 

The subject of the experiment was an immature drill whose teeth were 
all deciduous. Together with two other drills of similar dental age it was 
used for preliminary control observations. 

The face of the immature male drill is black, the black mask taking in 
the brow ridges above and the edge of the lower lip below. Laterally, 
the black fades somewhat gradually into the bluish-white skin in front 
of the ears, while below, the black of the lower lip merges gradually with 
the white of the chin. The muzzle, which is the blackest part of the mask, 
is more ‘pointed’ than in maturer animals, and its supero-lateral borders 
are not especially pronounced or marked by ridges (Plate II, Fig. 3 a). 

The coat is brownish-black, except on the ventral surface, which is 
sparsely covered with light hairs. The individual hairs are annulated, 
black and golden-yellow bands alternating. 

The penile sheath, the skin at the base of the penis, and the skin imme- 
diately adjacent to the anus and callosities are bright pink, but the scrotum 
13 wlute, while the skin of the rest of the buttock region is a faint greenish- 
blue (Plate II, Figs. 36, c). 

Effects of treatment with male hormone. 

At the beginning of the period of observations the experimental animal 
weighed 2*75 kg. Between 31 ^lay 1937 and 5 December 1937 it was 
injected, usually bi-weekly, with testosterone propionate, the weekly dose 
starting at 50 mg. and increasing to a maximum of 300 mg. A total of 
4*9 g. of the hormone was administered in 'all. The following changes were 
observed : 

Eod}j-icc\(jhi^ During the six-month experimental period the animars 
eight increased from 2-75 kg. to 5*59 kg. At the end of the ensuing year 
it had further increased only to G-64 kg., and the animars fir^>t jx*rrnanent 
molars had not yet erupted. 

Mask. At the end of the first month of injections, when the dose was 
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only 50 mg. of testosterone propionate weekly, the skin at the diffuse 
margin between the black of the lower lip and the white of tlie chin began 
to redden. This change became more marked in the second montli, when 
the dose was increased to 100 mg. per week, and at the end of the third 
month the whole mask had altered and had assumed the characteristics 
seen in the adult male drill. The area of black, instead of fading diffusely 
at the periphery, was now sharply demarcated, and the black skin had 
become very shiny. The muzzle had also become more prominent, especi- 
ally along its supcro-lateral borders, due partly to thickening of the skin 
and partly to growth of the underlying bone. 

As the injections were continued, all these changes became more pro- 
nounced, and the black area of the mask became even better demarcated 
by the encroachment of a narrow line of relatively hairless white skin. At 
a later stage the line of junction of black and white became erythematous. 
The nasal and supraorbital ridges grew more prominent, and the hair of 
the chin became lighter in colour. Simultaneously, the white skin behind 
the ears grew somewhat more conspicuous owing to the recession of hair. 
In adult males this white patch is very pronounced. Another change 
which developed Avas creasing of the skin of the muzzle, the creases being 
approximately parallel to the line of the mouth. These creases, which 
could be discerned when the animal’s face was at rest, became vei-y 
obvious when it grimaced (Plate II, Fig. 4 a). 

Coat. The animal’s coat became much thicker, and the hair much 
longer over the scalp, the shoulders, and the upper part of the back. 
There was, hoAvever, no obvious change in the colour or character of the 
individual hairs. The ventral surface of the trunk developed a diffuse 
punctiform flush Avhich was most marked around the nipples. 

External genitalia and buttocks. Within a Aveek of the start of injections, 
the circumanal area of red had extended and become more intense. This 
change became more marked as the treatment continued, and at one stage 
the margins of the anus appeared sAvollen. Later the base of the tail 
became red and SAvollen in a roll, and the region betAveen the anus and 
callosities, in a band about 8 cm. Avide, also became vei'y much more 
prominent and red. Simultaneously’- the skin surrounding this red area, 
and extending over the buttocks on to the flanks and loAver i)art of tlie 
back, became a brighter blue than the normal immature skin (into Avhich it 
graded). The zone betAveen the circumanal red area and the peripheral blue 
area Avas mauve — due, as could be demonstrated by compressing the skin, 
to the greater vascularity of that part of the othei'Avise blue skin. The 
region betAveen the scrotum and callosities Avas a greenish-blue (Plate II, 
Figs. 45, c. The hair has been removed from the liindquarters in c.) 

As these changes developed, the penis became larger and its skin a more 
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intense red. The red extended in a broad patch over the front of the scrotum 
and the symphysis pubis and on to the lower abdomen. Three months 
after the start of injections the scrotum also began to change, first becom- 
ing larger and pinker. The colour gradually changed to red, purple, and 
finally to heliotrope. Around the base of the penis the scrotum remained 
a brilliant red (Plate II, Fig. 4 a). With the growth of the penis, erections 
became more frequent. 

General form. The animal grew much more massive and strong and 
very stocky. The buttock region became much wider and more square-cut 
than it had been before. 

General demeanour. Although the animal never became too wild to 
handle, it became much more aggressive, and its mannerisms of threat 
became those of an adult. It would strut, shake its head, bare its teeth, 
and crease the skin of its snout in the manner of a fully mature drill. 

Variations in colour. It was occasionally observed that in moments of 
great excitement the red of the animal’s chin and anal region became 
more brilliant. It was also noticed that the red became duller when the 
dose of hormone was reduced and when the interval between successive 
injections was prolonged. The red also became less brilliant under ether 
anaesthesia. 

Subsequent observations. 

Two days after the last injection the drill was unilaterally castrated. 
The testis was examined histologically and found to be altogether im- 
mature in structure. 

The animal was kept under close observation in the eighteen months 
following the period of injections, and at the end of this period most of 
the secondary sexual characters which had developed were still unchanged. 
Thus the facial mask, the bony development of the muzzle, the general 
hody-form, and the penis remained as the}^ were at the end of the injec- 
tions. The main change which occurred was a diminution of the reddening 
on the face, trunk, and buttocks. The red at the lateral margins of the 
mask disappeared completely, :is did that on the ventral body-surface. 
Ihe red of the chin, the anal region, and the penis became less brilliant 
nnd less extensive. The heliotrope of the scrotum remained practically 
unaltered, but the buttock region diminished in size and became more 
rounded. 

During this period, the changes in the animaTs behaviour corresponded 
with those in its secondary sexual characters. It strutted and threatened 
as if it were a mature male, and its sexual interest continued unabated. 

In May 1930, eighteen months after the last injection, a biopsy w.is 
made, under ether anae: 5 thesia, of the remaining testis. Hb.tolugical 
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examination of the tissue removed showed a normal immature condition. 
The bod^^-weight at this time was 7-9 kg. 

Hanuman Langur {Presbylis enlellus, 200, 207) 

Two immature Hanuman langurs were injected bi-weekly with testo- 
sterone inopionate for 142 and 157 days, respectively. In both animals the 
first molar was the only permanent tooth that had erupted by the end of 
the exj^eriment. During the course of the experiment the body-weight 
of the first animal (207), which received a total of 0-985 g. of the hormone, 
increased from 3,300 to 4,590 g., while that of tlie second (20C), which 
received a total of 1-985 g., increased from 3,740 to 4,390 g. In both 
animals the testes were altogether immature on histological examination 
at the end of the experiment. 

The only definite external changes which occurred were confined to the 
genitalia and the buttock area. They were more marked in the animal 
which received the larger amount of hormone. 

In the normal immature langur the penis and scrotum are very small, 
inconspicuous, and completely black, while the glans penis does not pro- 
ject from the prepuce. By the end of the fourth week of treatment the 
penis of the injected animal had obviously enlarged, the most conspicuous 
sign being the projection of the glans from the prepuce, the terminal part 
of which was becoming pink. As the treatment continued, the penis 
continued to grow, and the end of the prepuce became marked by a sharply 
defined pink annular band, about 1-5 cm. Avide. This band was continuous 
with the pink undersurface of the prepuce, and could be made narrower or 
wider by rolling the prejjuce forwards or backwards. At the end of the 
experiment the scrotum had hardly increased in size, but the testes, which 
were very small, had fully descended. 

The main change in the buttock area was an increase in the dorso- 
ventral and lateral diameters of the region. The zone of growth appeared 
to be the dorso-lateral margins of the callosities, and the skin adjacent 
to the callosities was pinker than that farther away. As a result of this 
growth, the hinder region of the animal became more massive than is 
usual in immature langurs. 

Comment 

The secondary sexual characters of Primates are very varied. In some 
genera and species, in Avhich there is little sexual dimorphism, they are 
barely obvious, while in others, for example the mandrill, they are better 
displaj'^ed than perhaps in any non-Primate mammalian species. The 
development of colours other than shades of brown and grey is especially 
noteworth 3 % and it may, perhaps, be correlated with the fact that of 
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mammals other than man, only monkeys and apes are known mth cer- 
tainty to possess colour-vision. 

The three species of monkey described in the present paper may be 
taken to represent three degrees of elaboration of secondary sexual charac- 
ters. The langur, like the rhesus monkey described previously [Zuckerman 
and Parkes, 1938], represents those Primates whose secondarj^ sexual 
characters, other than gross differences in size, are poorly developed. The 
baboon represents an intermediate group in which sexual maturity is 
associated not only with differences in body-form and size, but also 's\ith 
differences in the colour and disposition of the pelage. The drill represents 
a third and smaller group in which more specialized changes in skin 
coloration and specialized bone changes are included in the complex of 
secondary sexual characters. It seems plain, too, that androgenic stimula- 
tion induces two main types of change. The first tj^e leads to the assump- 
tion of permanent characters such, for example, as the coloration of the 
mask and scrotum of the drill, and the second to those characters which 
disappear when androgenic stimulation ceases, e.g. the cape of the male 
Haraadryas baboon and the red coloration of the buttocks. It is also 
necessary to bear in mind that the silver-grey cape of the male Hamadryas 
baboon represents a character which is restricted to males only, whereas 
the facial mask and maxillary ridges of the male drill, as well as the red 
coloration of the buttocks, are characteristics which, to some extent at 
least, are developed in the female of the species and must be considered 
as potentially ambisexual. 

The observations reported in this paper show that characters whose 
continued existence depend on the continuous activity of male hormone 
occur in each of the three classes of Primate we have defined. Among the.se 
characters are an increased body-weight, an increased prominence of the 
buttock region, and redness of the skin. The skeletal changes associated 
with sexual maturity and androgenic stimulation are presumably j)er- 
nianent, and the increase in bod^'-weight and the change in shape of the 
buttocks cannot, therefore, be ascribed to bone-growth. To what extent 
they are due to growth of muscle, to the deposition of water, or to the 
deposition of fat (cf. the fibro-fatty tissue under the skin of the liind 
quarters of the baboon, p. 432) remains to be determined. The vascular 
changes would appear to be due to peripheral vasodilatation and to the 
<lcveIopincnt of sub-epidermal sinusoidal vessels of the kind normally 
i'cen in iho .sexual skin of female rhesus monkeys [C ollings, 192G ; Aykroyd 
anil /uckennan, 193SJ and of pig-tailed monkeys [ J/. /e Maegraith 

and ZuekcTman, 1939], These changes, while in greater jiart immediately 
dependent on eitlier androgenie or oc.^trogenie ^tim illation, are to Xiine 
extent permanent because, ns recorded on p. 433, tlie eliin of ilie es]eri* 
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mental drill remained red for more than eighteen months after the 
cessation of androgenic stimulation. In this conne.xion we have observed 
that the brilliant red band which runs down the centre of the muzzle into 
the red lips of the mandrill {jllandrillus sjAiinx) is (hie entirely to engorge- 
ment of very widely dilated superlicial sinusoids, which develop after 
sexual maturity is reached. The red of these areas can be made to dis- 
appear by compression. It may also be observed that, as in the experi- 
mental drill reported on in this paper, the various shades from red through 
mauve to heliotrope blue, which give the hind eptarters of the mandrill 
their brilliant appearance, appear to be due to varying degrees of engorge- 
ment of otherwise bluish skin. 

The changes induced by androgenic stimulation in the size of the penis 
appear to be permanent in monkeys. This fact may be correlated with the 
well-known observation that the penis does not necessarily regress after 
castration (cf. gelding), and that the size of the penis I’emains constant 
in some seasonal mammals. Furthermore, the capacit^'^ for erection, which 
is clearly increased by androgenic stimulation, does not appear, in mon- 
keys, to be altogether due to such stimulation. Finally, while general 
vitality is increased as a result of the action of androgens, our results 
also show that great vitality (e.g. that of the young drill) may be exhibited 
in the absence of obvious androgenic stimulation. 

Summary 

Castration of the Hamadryas baboon {Papio hamadryas) caused loss 
of the characteristic cape of grey fur, as well as regression of other secon- 
dary sexual characters. Tlie condition typical of the normal male was 
restored by administration of testosterone to the castrate. 

The secondary sexual characters typical of adults were induced in an 
immature drill {3Iandrilhis leucophoeus) and an immature Hanuman langur 
{Presbytis entellus) by the administration of testosterone. 

We are indebted to Dr. R. K. Callow for the inacro-photographs repro- 
duced in Plate I. The cost of the investigation was mainly defrayed from 
a grant made to Dr. Zuckerman by the Medical Research Council. The 
testosterone used in these experiments was kindly provided by Dr. K. 
Miescher and Messrs. Ciba. 
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Fig. 4a. Face, penis, and 
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Figs. 46 and 4c. Circumanal region and buttocks, 
showing development caused in the secondary 
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Neio Brunswick, N.J., U.S.A. 
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Duking the recent period of great interest in numerous phases of the 
physiology of the anterior pituitary, occasional studies of the action of 
enzymes on hormones present in extracts have been made. With few 
excejptions, crude enzymes have been used and the assays have been per- 
formed in normal rather than hypophysectomized animals. Moreover, 
there has been no attempt to correlate the extent of digestion with the 
quantitative or quahtative change in the action of extracts. The investiga- 
tion reported here attempts to meet these objections. The useful crystal- 
line enzymes of the pancreas and the gastric mucosa were employed. It 
was thought that pure enzymes attacldng specific groups might not only 
inactivate specific actions of extracts but also facilitate the removal of 
inert protein. In addition, two crude preparations, a papain and a trypsin, 
were used. All the assays were performed in immature hypophysectomized 
rats so that interpretation of the action of an extract could disregard the 
test animals’ own pituitary glands. Lastly, it was found that results may 
be markedly influenced by the extent of digestion, which was always 
determined. 

The results of earlier investigators are discussed later. 

Materials and Methods 

Preparation of a typical extract of hog pitnitary glands.^ 8-7 kg. of ground 
fresh hog pituitary glands were extracted with 44 1. of cold 2% NaCl 
solution in the cold room. After vigorous stirring for about 2 hours, the 
suspension was allowed to stand in the cold room over night. On the 
following morning the pH^ of diluted aliquot samples was adjusted by 
means of N/70 HCl to the point of maximum precipitation as shown by 

^ Three different extracts have been used. The description of the method of preparation 
is typical. 

2 All the determinations of hydrogen-ion concentration were made by means of a glass 
electrode. 
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the tube containing the minimum concentration of nitrogen in the super- 
natant. The calculated amount of N HCl was then added to the large 
batch; its pH was lowered to within 0*05 unit of the point of maximum 
precipitation. In various experiments this pH lay in the range 4'2-4'6. 
The mixture was finally centrifuged and the supernatant was collected in 
a large crock. The precipitate was washed twice with cold 2% NaCl; 
about 15 1, were used for each washing. The supernatant and the washings 
were then combined, and to each litre of fluid were added 660 g. of solid 
ammonium sulphate. The suspension stood at room temperature over 
night and was filtered on fluted paper. The precipitate was then dialysed 
in a refrigerator against distilled Avater ; when free from ammonium sul- 
phate the solution was centrifuged to remove a black sediment which was 
relatively rich in chromatosome-dispersing hormone. To the supernatant 
and the Avashings of the black material Avas added N H’aOH to precipitate 
some inert protein. The amount of alkali necessary to effect maximum 
precipitation Avas previously determined in small aliquot samples in the 
manner described above. The pH at Av^hich the maximum precipitation 
occurred Avas approximately 5-10 ; this inactive precipitate Avas discarded. 
After the centrifugation and Avashing of the precipitate with water, the 
combined supernatants which contained most of the activity were made 
up to 33% saturation of ammonium sulphate. The precipitate insoluble 
at 33% saturation Avas then centrifuged, after standing at room tempera- 
ture over night, and washed twice Avith 33% saturated ammonium sulphate 
solution. This precipitate Avas also found to be inactive. The A^olume of 
the combined supernatant and washings was measured and from it the 
equivalence of fresh gland per c.c. solution could be calculated. In order 
to preserve the solution, Ave measured aliquots into bottles of convenient 
size and then added ammonium sulphate to the measured solution to 
30% saturation. Just before use the precipitated protein was filtered and 
dialysed. In such e.\ tracts, free from ammonium sulphate, 0*0 mg. of 
nitrogen was approximately equiA^alent to 1 g. of fresh gland. 

Enzyrnes wsed. Trypsin (ox), cl lymo trypsin (ox), and j)epsin (hog), all 
crystalline preparations, were made aA^ailable to us through the courtesy 
of Dr. J. H. Northrop and Dr. Kimitz. Dr. M. L. Anson ga\’e us 
carboxy peptidase Avluch had been crystallized twice but might have con- 
tained traces of trypsin. Purified papain was given us by Dr. Hans 
hineweaver, who informed us tliat crystalline ])aj)ain differed only quanti- 
tatively from the purified sample. A s.unj)le of eominereial trypsin (K, 
Merck) was also employed and \\\is found to ha\'e uniiaiial proj^ertie^, 
which arc considered later. 

P roc id n r e for c ;/ zyni c d i y //c a . .A t y p i ea 1 ] j n ^ e( 1 u re fci r < i i i^e-^ t i n e x t ra c t 
by various enzymes was as follows. A .-ulntiun of extrael {fre,Jjly dialy-.-d 
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so that non-proteiu N was 5% or lower) in 0-9% saline was diluted so that 
the final concentration was 0-75 g. -equivalent^ (O-OO ing. N) per c.c. in 
0'2o M buffer. To 20 c.c. aliquots of this solution were added 10 c.c. of a 
solution of enzyme in 0-05 i\I buffer of the same pH. The buffer solution 
without enzyme was used in controls. Crystalline carboxypeptidase, 
chymotrypsin, and trypsin, and Merck’s trypsin were dissolved in phos- 
phate buffer, pH 8-G9. Papain and crystalline pepsin were dissolved in 
acetate buffer, pH 4*u7. A few drops of toluene were added as a preserva- 
tive ; digestion was carried out at 37° C. The further procedure and results 
are outlined in Table I. 


Table I. Exam'ple of digestion procedure {see text) 

Unzyino 


Kind 

Pinal 

concentration 

Incubation 

Digestion 
corrected for 
controls 


mg. /c.c. 

hours 

% 

Alkaline control 

0-0 

3G 

— 

Carboxypeptidase 

0-2G6 

36 

12 

Chymotrypsin 

0-333 

18 

75 

Crystalline trypsin 

0-333 

18 

70 

jMerck trypsin 

0-GG7 

3G 

G5 

Acid control 

0-0 

32 

— 

Papain 

0-G67 

32 

GO 

Pepsin 

0-333 

32 

70 


Samples were taken from time to time to determine the degree of hydro- 
lysis ; when two samples taken 8 hours apart showed no significant increase 
in the percentage of digestion it was assumed that the latter had proceeded 
to a maximum. In order to be sure that no further hydrolysis could have 
taken place the following two tests wei’e performed: (a) To 0-5 c.c. of 
chymotrypsin, trypsin, or Merck-trypsin mixture was added 1*0 c.c. of 
0-5% casein in 0-05 M phosphate buffer of pH 7-6. The mixtures were 
incubated for two hours at 37° C. In all cases casein was digested, showing 
an excess of enzyme. Similar tests were made on the pepsin, papain, 
and carboxypeptidase, using as the substrates, gelatin for the first two 
enzymes and chloroacetyl tyrosine for the last, (b) An increased amount 
of the appropriate enzyme was added and incubated 12 hours longer 
without further change in the percentage of protein digested. 

Although numerous methods can be used to follow the rate of hydrolysis 
of protein, we have chosen to determine the decrease of protein precipitable 
by trichloroacetic acid rather than to determine the increase of amino 
nitrogen, chiefly because data of the latter method will include cleavage 
products not only of proteins but also of polypeptides. The procedure used 

^ Higher concentrations of extract were often used in other e.xperimonts. Dosage of 
extracts is expressed throughout in terms of the equivalent weight of fresh gland (g.- 
equivalent). 



PROTEOLYSIS OF PITUITARY EXTRACT 


443 


was essentially that of Northrop [1932]. Therefore to calculate the per- 
centage digested it is only necessary to determine the decrease of protein 
nitrogen or 

percentage digested = ^ 

where {PN)^ is the protein nitrogen found in the acid or alkaline control 
samples, taken out after a corresponding period of incubation. (The pro- 
tein nitrogen of the control samples is preferred because there is some 
digestion of protein in the pituitary extract at the acid or alkaline reactions 
used.) {PN)i is the amount of protein nitrogen present at a given time in 
the extract and is equal to the total protein nitrogen found minus the 
protein nitrogen present in the enzyme used. This subtraction is negligible 
unless a large amount of enzyme be used. A further check on the accuracy 
of the determinations of protein was afforded by determinations of non- 
protein nitrogen in the trichloroacetic acid supernatant fluids. The experi- 
mental error in estimating the amount of digestion (analysis of about 1 
mg. total N) is about ±2%. 

After the digestion was complete, the acid solutions were neutralized. 
The neutralized as well as the alkaline solutions were made up to volumes 
corresponding to the dosages required for injection. After proper dilution 
had been made, the solutions were kept in a frozen state in small vials so 
that each vial contained just enough material for each injection ; this is 
very important when only partial digestion is desired. To obtain partial 
digestion of a definite percentage of protein, it was only necessary to 
incubate the solutions for a shorter period of time than those given in the 
above table. However, the time for incubation was not the same for all 
enzymes since digestion took place at different rates. In sonic experiments 
in which it was desired to incubate all solutions for the same time and still 
secure digestion of a certain percentage, Ave have decreased or increased 
the amount of enzyme used. 

Biological 77iet1iods. Tlie assays were all performed in immature Jiyqio- 
physectomized male and female rats. A total of 596 comjiletely hypoph^*- 
scctomized rats was used. Operation was performed by a retropharyngeal 
technique at an age of 21 days and injections were begun *1S hours later. 
All e.xtracts were injected subcutaneously twice daily. Female animals 
received injections for 4 days, male animals for S days. In either ease 
necropsy wjis performed 24 hours after the last injection, so that the female 
rats were 27 days old at death and the male rats were 31 days old. The 
following fresh tissues were removed and weighed ^ls r.ipidly .xs i>o-sible 
on an appropriately sensitive torsion balance: the thyroid (including i^th- 
nui.s), adrenals, spleen, and oworics and fiuid-frv^ uterus (Just aujierior 
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to cervix), or testes, seminal vesieies together with congulatory glands 
(hereafter referred to as seminal vesicles), and anterior lobe of the prostate. 
The thyroid, seminal vesicles, and prostate were dissected under a binocu- 
lar microscope. These tissues, with the cxcei)tion of the spleen in later 
experiments, were all fixed in Bonin’s lluid. In 41 1 of the animals used, the 
tissues were sectioned and stained with haematoxylin and cosin. The sella 
was examined under a binocular microscope. Usually jntuitary remnants, 
if present, could be readily detected ; however, if there was any doubt as 
to the comjjletcness of liypophysectomy, the animal was discarded. Our 
aim was to test each exti'act on a group of 5 rats. This aim often coidd not 
be realized either because the operation was unexpectedly incomplete in 

Table II. Weif/Iit of fresh organs of rats hypophyseclomized at 

an age of 21 days 


OrKUU'Weightd 


Ko, 

of 

rats 

Ago 

at 

death 

lJo{iy* 
w eight 
ut death 

Testes 

Ant. lobe 
of prostate 

vesicles' 

— 

AdrenaU 

Thyroid 

Spleen 

13 

days 

31 

.t2-S±2-2 

mg. 

79-9 i 2-6 
Oviirics 

mg. 

5- 11)^0-20 
Vtonis 

mg. 

5-76±0-iS 

mg. 

0-I8±0-27 

mg. 

3-D2i:0-2l 

mg. 

10G*l-i:5-7 

29 

27 

35-SiO-7 

7-GGiO‘2U 

12*12±0-22 


7-<i9i0-30 

d*2ad:0'H 

105-Gi3-1 


lu uvery iimtance the stamlanl error of the nictui is given, 
^ incluiiiiig congulatory glaiuls. 


some animals or because deaths which were not anticipated occurred. In 
addition to other controls, groups of operated rats receiving no injections 
were also used. Part of the data on the weight of the organs from tliese 
animals is summarized in Table II, which other investigators may find 
of interest for purposes of comparison. 

The evaluation of results was based on the apj)earance and weight of 
the fresh organs and on the histology and measurement by means of a 
micrometer ocular of certain of the sectioned organs. The Instological 
evaluation was always done without knowledge of the type of treatment. 
It was found that determination of the height of the thyroid epithelium 
furnished the best means of detecting a thyrotrophic effect under the con- 
ditions of our experiments. Valuable confirmatory data were secured 
from similar measurements of the uterine epithelium. The diameter of 
the tubules of the testes varied greatly between animals in a group but con- 
firmed the finding of a significant increase in testicular weight. Similarly, 
if stimulation was moderate, the diameter of the prostatic alveoli cor- 
responded roughly to i^rostatic weight. No satisfactory data concerning 
adrenocortical stimulating effects were secured. In our opinioji this was 
probably owing to the operation of one or several factors, such as low 
concentration of adrenocortical stimulating principle in the original e.x- 
tracts, lack of sensitivity of the rats following short (4-8 days) periods of 
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injections, &c. Had apparatus for making frozen sections been available, 
the cortical lipins would have been examined. We were also unsuccessful 
in attempts to correlate variations of the weight or histology of the spleen 
with the natme of the extract injected. 

In nearly aU the experiments, the significance of differences in mean 
values as indicated by the probabihty that the samples were drawn from 
the same ^population’ was determined by the method of Fisher. Values 
of P equal to 0-05 or less were considered significant in accordance ’with 
conventional usage. 

Results 

The action of proteolytic enzymes on gonadotrophic hormones 
The effects of various enzymes were found to depend to an important 
extent on the degree of digestion of the extract. Therefore, extracts were 
usually subjected to low, moderate, and marked digestion. Frequently, 
also, various doses were employed in the hope that the degree of alteration 
or destruction could be estimated. The experiments which are considered 
in detail are representative of the results obtained. 

Enzymes active in an alkaline medium. 

Crystalline carboxypeptidase. In terms of the gross weight of the ovaries, 
there can be no doubt that digestion by carboxypeptidase may be followed 
by a reduction of the gonadotrophic potency of the extract. Since this 
enzyme in pure state does not digest any known protein, it is probable 
that traces of impurities such as trypsin account for both the digestive 
action of our sample (maximum 12%) and the diminution of gonadotrophic 
hormone. In various experiments the uterus was sometimes larger and 
sometimes smaller than that of injected control animals; however, the 
changes were not statistically significant. In two experiments in which 
the period of digestion lasted 5 or 30 hours, there was not a significant 
decrease in the response of the ovaries. The histological appearance of the 
ovaries of all the animals receiving extract subjected to digestion by 
carboxypeptidase (4 experiments) indicated that although the potency of 
the extract might be reduced, the qualitative effects underwent no change 
(sec Plate I, Fig. 11). As in the ovaries of animals receiving undige.'^tcd 
extract, follicle-growth, luteinization, and stimulation of tlie inter: 5 titial 
cells had occurred. 

Crydiillinc chymolrypsin. The gonadotrophic effects of extract after 
digestion to varying extents by this enzyme were te^'^teil (see Fil's. 1 and 2). 
It is clear from observations of both the weight changes and the liL'^tology 
(Flate I, Fig, 12, and Plate VI, Fig. 03) that pronoiincx-d dige.-tion of the 
extract, which in the experiment of Fig. 1 h:is ^suffered a rt^duciiun of 
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Fig. 1. Tho oficcts of onzymoa active in an alkaline modiuin on anterior pituitary extract 
as shown by tiio dogreo of liyportrophy induced in ovaries, uterus, adrenals, and thyroid. 
The porcontago of protein disappearing from each digested extract is indicated by tho 
figure accompanying each enzyme. Four or five hypophysoctomized rats in each group. 
Each rat, except operative controls, received 2 g, -equivalent of fresh hog pituitary. 
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in the concentration of protein, is accompanied by destruction of most of 
the gonadotrophic hormone. In some areas slight growth of the follicles 
could he seen. There was no luteinization and the interstitial cells were 
as atrophic as in those of untreated hypophysectomized rats. In another 
experiment, in which 75% of the protein of the extract had been digested, 
similar results were obtained except that there was some ovarian hyper- 
trophy. Plate I, Fig. 19, and Plate IV, Fig. 45, illustrate the effects of the 
equivalent of 8 g. of extract (69% of protein digested). There was definite 
h3q)ertrophy of the ovaries and utenis and a slight stimulation of follicular 
growth ; the interstitial cells were atrophic. 

If digestion was stopped after approximately one- third of the protein 
had disappeared (29% in Fig. 2; 18, 33, 35,^ and 45% in other experiments), 
ovarian hypertrophy varied but was always less than that caused by the 
incubated control extract. The striking qualitative changes in the ovaries 
were the persistence of follicle-growth with slight or no luteinization of the 
thecal cells. The interstitial cells were usually atrophic ; however, some 
stimulation was observed in a few animals. Slicrophotographs of an ovary 
of a rat receiving extract partially digested by crystalline chymotr 3 q)sin 
are reproduced in Plate I, Fig. 16, and Plate IV, Fig. 47. Such digested 
extracts often caused uterine hypertrophy greater than that shown in 
Fig, 2. However, this hypertrophy was always less than that following 
the injection of the control extract, although in one instance the change 
was not significant. The h 3 rpertrophy of the uterine epithelium corre- 
sponded in general to the change in weight of the whole uterus. Plate VI, 
Fig. 61, illustrates an exceptionally slight response of the uterus with a 
definite but slight increase in weight, but probably without any change in 
the height of the uterine epithelium. 

Two different groups of hypophysectoraized male rats were each given 
4 g.-equivalent of fresh gland after digestion of 65 or 59% of the protein 
by crystalline chymotrypsin. There occurred much less testicular hyper- 
trophy than in similar rats receiving incubated alkaline control solution, 
nnd there w^as no accompanying hypertrophy of the anterior prostate or 
seminal vesicles. The histological appearance of the testis may be seen in 
Plato VII, Fig. 73. In comparison with the testes of hypophysectomized 
control animals there w'as definite stimulation of the seminiferous epi- 
thelium and the tubules were considerably enlarged. 

^ Since all the histological criteria of stimulation are based on the condi- 
tions seen in the testes of untreated Iwpoph^'sectomized animals, the^e 
will be described first. The picture is one of generalized atrophy (Plate VII, 
big, 67). The tubules contain small spermatogonia and numerous Sertoli 
^lla, in all of w'hich the c 3 "toplasmic volume is greath’ aniuccd ; the nuclei 
.\j* in iho oxjxrimeat of 2, ihiX'o tlooo !c\oL» uc-ro UiKxi in this cxj>. 
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also appear shrivelled and are crowded near the i^eriphexy of the tubule. 
The flattened and angular appearance of these nuclei is c.spccially charac- 
teristic. Mitotic figures are rare, although in occasional tubules they may 
be seen in greater numbers than is generally appreciated. This is evidence 
that mitotic waves continue to recur to a limited e.xtent even in the absence 
of the hypophysis. The interstitial cells show severe cytoplasmic reduction 
and their p^'cnotic nuclei stain intensely. 

The chymotrypsin digests produced unquestionable swelling of the 
cytoplasm and nuclei in the c^nthclial cells (Plate Vlf, Fig. 73) and mitotic 
activity was noticeably increased ; enlarged spermatogonia, however, were 
quite rare. The tubule shown in Plato Vlf, Fig. 73, shows the maximum 
effect obtained with this digest. As was to be exjxccted from the failure 
of these extracts to stimulate the ovarian interstitial cells, similar cells 
of the testes were likewise unaffected. 

Incubated alkaline control extracts in comparable dosage (4 g.) produced 
a marked increase in the diameter of the seminiferous tubules, some of 
which showed evidence of sixermatogonial proliferation. In most tubules, 
howevei’, Avidespread cytolysis had occurred leaving a cytoplasmic syn- 
citium (Plate VII, Fig. GS). This was aiJjxarcntly the result of over- 
stimulation, since these adverse effects were absent in animals receiving 
the 1 g. dose of this same i^ieparation. Interstitial cell stimulation as 
shown by increased cytoplasmic volume and granulation of the nuclear 
chromatin was present in all instances and Avas roughly jxroportional to 
the amount of extract giAmn. Although mitoses are rarely seen in this 
tissue, even Avith maximum stimulation, there Avas undoubtedly an in- 
crease in the number of interstitial cells. 

Crystalline trypsin. A number of exjjeriments Avith extracts digested by 
crystalline trypsin indicated that the changes in activity resembled those 
folloAving digestion by chymotrypsin. HoAvever, there appeared to be a 
more complete destruction of luteinizing activity. In 4 experiments, 61, 
65, 70, and 75% of the protein underAvent digestion. In the remaining 
experiments, the proportions of protein digested Avere 12, 28, 29, 30, 35, 
and 48%.^ 

In Fig. 1 it appears that all gonadotrophic activity has been lost as a 
result of the digestion of 75% of the protein of the extract. Photomicro- 
graphs of the ovary and uterus typical of this experiment Avill be found in 
Plate I, Fig. 13, and Plate VI, Pig. 64. In all respects the ovaries and 
uteri resembled those of untreated hypophysectomized rats. In the other 
expei’iments (digestion of 61, 65, or 70% of the extract) the only apparent 
effect Avas a slight stimulation of follicle -groAvth even Avhen the dose in- 

' In throo oxperimonts (28, 30, and 35%) three dosc-lovols represented by .t, 2x, and I-s 
wore investigated. 
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jected was equivalent to 8 g. gland (Plate 1. Fig. 20, and Plate IV, Pig. 46). 
Although after this large dose there was definite uterine hypertrophy, the 
height of the epithelium was as low as that in hypophysectomized rats. 

The effects of extracts digested to only a moderate extent are illustrated 
in Fig. 2, Plate I, Fig. 17, Plate FV, Fig. 48, and Plate VI, Fig. 62. Changes 
in ovarian weight were ordinarily 20-30% of those induced by the control 
extract, but might be as high as 50% or as low as 10%. Follicle-growth 
was usually moderately stimulated, but might be slight, especially if the 
total dose of extract were equivalent to 0-25-0' 5 g. fresh gland ; the adminis- 
tration of larger doses (1 '0-2*0 g.-equivalent) caused definite foUicle- 
growth. Slight thecal lutetnization could be observed in three animals 
(28% digestion). In several others the thecal cells often appeared round 
rather than spindle-shaped. HoAvever, in the majority of the rats there 
was no evidence either of luteinization or change in the morphology of 
the thecal cells. The interstitial cells consistently appeared atrophic if 
the trypsin had hydrolysed 30% of the protein or more. 

Despite the apparent stimulation of follicle-growth in many of the rats 
receiving extract only moderately digested by crystalline trypsin, the 
growth of the uterus and the hypertropliy of the uterine epithelium w'ere 
relatively slight, especially in comparison with extracts digested by ilerck’s 
trypsin (see the section following this). This was true of extracts digested 
only to the extent of 12%. Often, although the ovarian changes were 
clear-cut, no uterine change could be detected. It seems doubtful whether 
complete follicle-stimulation, as the term is conventionally understood, 
could be induced after extract had been digested by cr^^stalline tr 3 'psin. 

In one experiment in h^’^poph^^sectomized male rats, 4 g.-equivalent of 
fresh gland after digestion of 65% of the protein b^" cr^'stalline tr^'psin 
were injected into each animal. The results resembled those obtained in 
male rats given extract digested b\" cT\'stalline chvmotr\q)sin. Definite 
hut marked 1}' reduced testicular h^^pertro])!!}' was accompanied hy no 
significant change in the weight of accessor}" organs. MicroscopicalK' these 
testes could be distinguished from those of untreated animals onh* b}' the 
slightl}' greater amount of cytoplasm in the spermatogonia (Plate VII, 
big. 74). In comparison with the activity of clymotr\’psin digests the 
^stimulating action of tiypsin-digestcd extracts was definiteh’ less pro- 
nounced. Tliis is in general agreement with the comparative action of 
tlic.-^e two preparations on the female gonads. Complete de.'?iriiciion of 
^hc principle stimulating the interrttitia! cells w;ls further confirmed In' 
the atrophic condition of the>e cells (Plate VII, Fig. 74). 

Results of great interec?t have been obtained Lv the 
'i>eof a crude tryp>in originally .-upplied bv K. .Merck of Dann-tadt.^ Tifi-s 

riiUs fur Lfur iu<iiurir^ Mipj’.jt-l u> ujth i.a :* < ^ r:..: tK- 
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trypsin was principally employed by Chen and van Dyke [1939] in obtain- 
ing extracts which were almost purely follicle-stimulating. We have made 
a further study of this preparation in respect of its digestive action and of 
the specificity of the effects of digested extracts. The qualitative and 
quantitative gonadotrophic effects of extracts in comparison with those 
of incubated control extract have been determined in groups of h 3 q)o- 
physectomized female rats after the following percentages of protein 
present had disappeared as a result of digestion: 10, 35, 35,^ 40,^ 41,^ 46, 
61, 62, 62, 65, and 75. 

The effects of digestion to a high level are illustrated in Fig, 1, Plate I, 
Fig. 14, Plate III, Fig. 40, Plate IV, Figs. 42 and 43, Plate VI, Fig. 65, Plate II, 
Fig. 22, and Plate V, Fig. 51. Unlike any other enzyme we have employed, 
digestion to this extent (61-75%) still permits adequate stimulation of 
the ovaries" in which lutein tissue cannot usually be detected. In two of the 
five experiments small groups of cells perhaps undergoing transformation 
into lutein cells were observed (Plate IV, Fig. 42). However, such cells 
are clearly typical and, in our experience, have never appeared following 
the injection of true luteinizing hormone. In one experiment in which 
62% of the protein had been digested, the dose of extract was equivalent 
to 10 g. of fresh tissue, representing more than 10 times a dose of 
digested extract which would be clearly effective (ovarian hypertrophy) ; 
in the ovaries of these animals no lutein cells could be found and the 
interstitial tissue was completely atrophic (Plate II, Fig. 22, Plate V, Fig. 
51). In all the other animals, except three,^ receiving an extract in which 
65 or 75% of protein had been digested, the interstitial tissue resembled 
that of hypophysectomized rats receiving no treatment. Another striking 
feature of the gonadotrophic effects of these extracts was the marked 
degree of uterine hypertrophy and distension which were always much 
greater relatively than that of the ovaries. In our opinion this indicates 
that follicle-growth was physiologically adequate, whereas this was not 
the case after the administration of extracts digested by crystalline 
chymotrypsin or crystalline trypsin. Likewise, the increase in the height 
of the epithelial cells of the uterus in three of the experiments was roughly 
similar to that in animals treated with control extract (see Plate VI, 
Fig. 65) ; in two groups the change was only 25 and 50% of that observed 
in the injected control groups. 

The effects of digestion to lower levels (10-46% of protein in incubated 
control extract) indicated that some destruction of gonadotrophic activity 

source of this preparation or the method by which it was made. The preparation dissolves 
in water with great ease. 

^ In these experiments, various dose-levels represented by x, 2x, and 4a?, were employed. 

^ The change in ovarian weight usually corresponded to about 50% of that induced by 
the incubated control extract. ^ In those throe rats only slight stimulation occurred. 
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might or might not occur depending upon the extent of digestion and the 
dose used (see Fig. 2, Plate I, Fig. 18, Plate IV, Fig. 49). After digestion 
had caused the disappearance of 10% of the protein, there was no evidence 
of destruction of any phase of ovarian or uterine stimulation ; moreover, 
the uterine epithelium was about twice as high as in the treated controls. 
If digestion was carried farther (35-46%), slight or moderate destruction 
of gonadotrophic action might occur. Corpora lutea were frequently 
found, although at low dosage lutein tissue might be absent and yet be 
found in aU injected control animals and in animals receiving larger doses 
of the digested extract. Substantially similar results were obtained in 
regard to the stimulation of the interstitial cells. Uterine hypertrophy 
and the height of the uterine epithelium usually corresponded to those 
of injected controls. (The results from a relative dose of 1 as illustrated 
in Fig. 2 are an exception.) 

Experiments comparing the action of extract digested by Merck’s 
trypsin with that of incubated control extract were also performed in 
male animals (see Fig. 5, Plate VII, Figs. 68 and 71). If, as appears 
logical, digestion by this extract may destroy nearly ail luteinizing activity, 
and if the same substance in extracts is responsible for luteinization in 
the ovary and interstitial-ceU stimulation in the testis, one would expect 
that the digested extract would cause testicular stimulation almost entirely 
limited to the germinal epithelium. In two sets of observations (61 and 62% 
digestion) this belief appeared to receive experimental support. Testicular 
hypertrophy was found not to be accompanied by any noteworthy cJiange 
in the interstitial cells, whereas there was marked thickening of the ger- 
minal epithelium. Lack of function of the interstitial cells was also indi- 
cated by failure of the anterior lobe of the prostate or the seminal vesicles 
to undergo hypertrophy or histological change. 

The seminiferous epithelium showed t^’^pical pituitary gametogenic 
stimulation (Plate VII, Fig. 71). Conspicuous mitotic activity' had resulted 
ui marked tubular enlargement. In certain tubules nearly' every' cell was 
m a given stage of kary'okinesis. Numerous large and ap])arently mature 
spermatogonia were present, and meiotic division would undoubtedly have 
occurred soon had the treatment been continued. The interstitial cells 
(and accessory sex glands) were not stimulated by a dose (4 g.) sufiicient 
to produce extensive enlargement of the testes; after a dose of 10 g., 
although the ventral prostate was slightly' enlarged, there was no micro- 
iseopic evidence of interstitial cell stimulation (Plate VIll, Fig. 76). 

hacyulcs active in an acid medium, 

A purified papain and crystalline pcp^in were available. Control ^oIutioiLs 
of e.xtract in the same concentration and at the same pH were incubated 
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under exactly the same conditions and tested in hypopliyscctoinizcd 
male or female rats. Earl}'^ work demonstrated that the pH cannot be 
that optimal for pe])sin without causing destruction of the hormones in the 
absence of the enzyme. The lowest pH used was 4-20 with a maximum 
incubation-period of 4S hours. For most experiments the pH used was 
about 4-6. 

EFFECT OFDIGESTION ON ACTION OF PITUITARY EXTRACT 
PER CENT PROTEIN DIGESTED BY PAPAIN = 65 
" " CRVSTALLINE PEPSIN= 75 



Fig. 3. Tho effects of extracts, iu terms of control extract incubated at the same pH, with 
and without digestion by papain or crystalline pepsin. Four rats in papain group, five in all 
other groups. Each rat, except operative controls, received 2 g. -equivalent of fresh hog 
pituitary. 

Papain. The purified papain which was available was used in four experi- 
ments in which the proportion of extract-protein digested was estimated 
to be 6, 31, 60, and 65%. In the experiments in which 6 and 31% of the 
protein had undergone digestion, there was no evidence of either a qualita- 
tive or a quantitative change in the extract. On the otlier hand, when 
digestion was carried to higher levels (60, 65%) there was unquestionably 
a reduction of gonadotrophic action at a dose of 1 g.-equivalent and a 
probable reduction (P = 0-05) at a dose of 2 g.-equivalent as indicated 
by ovarian weights (see Fig. 3). The uterine weight and the height of 
the uterine epithelium were not significantly altered in the experiment 
of Fig. 3. In the other experiment both were significantly reduced. In 
none of the experiments was there any evidence that specific destruction 
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of gonadotrophic activity had occurred. Follicular stimulation, luteiniza- 
tion, and stimulation of the interstitial tissue always persisted (see Plate 
n, Fig. 25). 

Crystalline jpepsin. The effects of this enzyme were among the most 
interesting because it appears to destroy all gonadotrophic effects per- 
taining to the growth and maturation of foUicles but leaves intact a 
stimulating action on the interstitial tissue of the ovaries or testes. How- 
ever, this is not the result if the percentage of extract-protein digested is 
low or moderate (10 and 34% in our experiments). Under these conditions, 
digested extract (34%) may cause less ovarian hypertrophy than the con- 
trol extract, but the qualitative effects on the ovary are imchanged so that 
follicle-growth, corpus-luteum formation, and stimulation of interstitial 
tissue occur (see Plate II, Fig. 28). Therefore the greater part of our 
attention was given to the determination of the action of extracts digested 
markedly or to the maximum feasible extent. The percentages of extract- 
protein digested are represented by the following figures : 58,^ 66, 69, 70, 
75, and 80.^ 

Provided that the greater part of the protein (58-80%) had disappeared 
as a result of peptic digestion, extracts rarely caused any ovarian hyper- 
trophy. In only one of seven groups of experiments was there a slight 
ovarian hypertrophy amounting to 15% of the change induced by the 
control extract incubated in a solution of the same pH. The total dose 
was equivalent to 2*0 g. of fresh gland in this experiment ; in the other 
six experiments it amounted to 0*5, 0*88, 1*0, 1*0, 2*0, and 2*0 g. Doses 
representing G and 10 g. were followed by ovarian hypertrophy amounting 
to 30 and 55% of the change caused by 0*5 g. and 10 g. respectively of 
incubated control extract. Follicle-growth and corpus luteum formation 
were present only after the largest dose ; following the 6 g. dose, a few 
small antra-containing follicles showing considerable swelling of the thecal 
cells were present. Slight follicular development without luteinization was 
observed in two groups on doses of 2 g. only ; in one of these groups the 
change in ovarian weight was 15% of that caused by the control extract. 
Definite uterine hypertrophy accompanied by enlargement of the cells 
of the epithelium occurred only in the two groups receiving 6 and 10 g, 
of extract. 

One invariable change, a stimulation of the interstitial cells of the 
ovary, was observed in all the rats irrespective of the period of digestion 
or the equivalent dose of extract, the smallest dose of which was 0*5 g, 
Hie weight changes arc illustrated in Figs. 3 and 4, the histological 
changes in Plate II, Figs. 20 and 30, Plate III, Figs. 30 and 41, Plato V, 
I'igs. 50 and 57. 

' ThciK* digoatj were uue5iigat<xi at llirx>o or two !c\cIa. 
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Apart from tho primordial follicles, the ovaries appeared to consist of 
hypertrophied interstitial cells such as those illustrated in Plato III, Fig. 
41, and Plate V, Figs. 56 and 57. In contrast, the normal immature rat’s 
ovary is made up of connective tissue, islands of interstitial cells, and 
follicles in various stages of development. Various interpretations have 
been placed on the significance of the ovarian interstitial tissue. Discussion 

PER CENT PROTEIN DIGESTED BY MERCK '5 TRYPSIN = bZ 
" " " CRYSTALLINE PEPSIN = 69 



Fia. 4. Weights of various organs of female liypophysoctomized rats after administration 
of control extracts or of extracts digested by Merck’s trypsin or by crystalline pepsin either 
alone or in combination. Operated controls not treated. Four or five rats in each group* 
Total doses in g.*eqmvalont of fresh hog pituitary indicated by numerals. 


of these views appears later. A working hypothesis for which no originality 
is claimed is as follows: stimulation of the interstitial cells of the ovary 
wiU be the only apparent change induced in hypophysectomized rats by 
luteinizing hormone which is identical with interstitial-cell stimulating 
hormone ; if foUicular growth be adequately stimulated, luteinizing hor- 
mone brings about luteinization of the theca (and granulosa) as well as 
stimulation of the interstitial cells ; the interstitial cells of the testis are 
lilcewise stimulated by luteinizing hormone so that androgen is hberated 
with stimulation of male accessory organs and, ultimately, maintenance 
of the germinal epithelium even in the absence of the pituitary or of 
administration of follicle-stimulating (gametogenic) hormone. Tests of 
the third part of the hypothesis were made in two groups of experiments 
on hypophysectomized immature male rats. Weight-changes of one group 
of experiments are illustrated in Fig. 5, histological changes in the testes 
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in Plate VII, Fig. 70. The experiments indicated beyond question that 
extract adequately digested by pepsin induced testicular hypertrophy 
and hypertrophy of the anterior lobe of the prostate. We were not able 
to show that significant hypertrophy of the seminal vesicles, which we 
have consistently foimd are difficult to stimulate grossly under the con- 
ditions of our experiments, was produced. 

PER CENT PROTEIN DIGESTED BY MERCK'S TRYPSIN = 61 
» " » " " » CRYSTALLINE PEPSIN = 66 
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Tig. 5. An experiment like that of Fig. 4 but performed in male hypophysectomized rats. 
Four rats in ‘ilerck’s trypsin* group, five in all other groups. 


Extracts digested by pepsin have consistently produced hypertrophy 
of the seminiferous tubules and of the interstitial cells (Plate VII, Fig. 70). 
Although the extent of tubular enlargement in comparison with that 
produced by !Merck- trypsin digests was always less at any given dosage, 
the degree of spermatogonial proliferation was similar. The interstitial 
cells were not uniformly stimulated in any one animal by the 4 g. dosage 
of peptic digests, but the stimulation was unquestionable (Plate VII, 
Tig. 70) in the major portion of the testes in all instances. With a higher 
dose (10 g.) the stimulation was somewhat more marked (Plate VIII, 
Idg. 77). The weights of the accessory glands and the extent of inter- 
stituil-cell hypertrophy induced by peptic digest as compared with non- 
digested control extract (Plate VII, Fig. G9) indicated that the interstitial- 
cell stimulating activity of the original extract definitely rediice<i by 
1^'ptic digestion. The ma.ximum height of the epithelial cells of the seminal 
Vesicles of rats receiving undigested extract was only slightly greater than 
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that of untreated controls. In the anterior prostate, the inaxiinum increase 
of epithelial height in terms of specimens from untreated controls Avas 
greatly increased both by peptic digests and by undigested extract; how- 
ever, the extreme variation found throughout any single prostate made 
any judgement of the degree of stimulation unreliable. Tall columnar 
epithelium is present in the alveoli in the early stage of secretion, but, as 
semen accumulates and causes alveolar distension, the epithelium becomes 
secretorially ‘exhausted’ and resembles a flat membrane. The mean 
diameter of the 20 largest alveoli in a given section was measured. In 
untreated controls, the alveoli were small bud-like structures (av. 59 micra) 
whereas, after the injection of control (av. 207 micra) or pepsin-digested 
extracts (av. IGO micra), they were greatly enlarged owing, ultimately, 
to the stimulation of the testicular interstitial cells. Under these condi- 
tions, especially when prostatic hypertrojjhy was moderate, the diameters 
of the largest alveoli were roughly proportional to prostatic weights. 

The hypothesis outlined (j). 454) has likewise been tested by means of 
experiments in which extracts digested by crystalline pepsin or by Merck’s 
trypsin, alone or in combination, have been administered to hypophys- 
ectomized immatui’e female or male rats. (All injections were made sub- 
cutaneously; when both digests Avere administered to one animal, they 
Avere mixed together before injection.) Appropriate undigested control 
solutions of the extracts Avere also injected. The AA^eight changes observed 
are given in the diagi’ams of Figs. 4 and 5. The typical histological changes 
are illustrated in Plate III, Pigs. 33-S (females), and Plate VII, Figs. 67-72 
(males). In such a combination experiment presumably the Merck-trypsin 
digests Avould furnish follicle-stimulating (gametogenic) hormone almost 
exclusively Avhereas peptic digests Avould furnish luteinizing (interstitial- 
cell stimulating) hormone contaminated only by insignificant amounts of 
follicle-stimulating hormone. This belief is supported by the control 
experiments in Avhich either extract alone Avas injected. To increase the 
significance of the results the total equivalent doses of fresh gland ad- 
ministered Avere the same in all groups (Fig. 4). In the female rats the 
expected changes occurred. The ovarian Aveight after the combined ex- 
tract Avas administered Avas greater, but not significantly greater (P = O-l), 
than after the administration of the tryptic digest alone. Corpora lutea 
Avere formed in the ovaries of animals receiving the combined treatment 
but Avere absent from the ovaries of rats receiving either component in 
tAvice the dose. The aA’^erage uterine Aveight Avas significantly greater after 
the combined extracts than after the extract digested by Merck’s trypsin 
(P = <0-001) or after the peptic digest. The uterine epithelium Avas 
highest in the rats receiving combined treatment, and in this respect Avas 
equalled by no other group including gi-oups receiving undigested control 
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extracts. The experiments carried out on male animals have less signifi- 
cance because it is probable that, if hypophysectomized rats were used, the 
injection of androgen or the stimulation of interstitial-cell secretion may 
adequately maintain the germinal epithelium. Hence, in male animals, 
the results largely confirm those expected from experiments in which 
either digested extract was injected separately (Kg. 5 and Plate VII, 
Pigs. 67-72). It is evident that peptic digestion has destroyed part of the 
hormone stimulating the interstitial cells. For example, after the injection 
of the peptic digest the weight of the anterior prostate is significantly less 
(P = 0*01) than after the injection of the acid control extract. As was 
mentioned previously, the seminal vesicles were not readily stimulated 
in our experiments if judgement be based on change in weight. However, 
in comparison vdth the action of extracts digested by Merck’s tr 3 rpsin, 
peptic digest or combined treatment caused a significantly greater hj^per- 
trophy (P = 0*01). Histologically the testes of rats treated with Merck- 
trypain digest (2 g.) combined with peptic digest (2 g.) showed excellent 
spermatogonial proliferation (Plate VII, Fig. 72). The interstitial stimu- 
lation was less marked than that produced b}’’ twice this dosage of peptic 
digest alone. Plate VII, Fig. 72, shows an area of maximum interstitial- 
cell stimulation produced by the combined digests. 

The action of proteolytic enzymes on thyrofrophic hormone 

Our data also yield considerable information on the action of the various 
enzymes on thyrotrophic hormone. Thyrotrophic effects in ]i 3 q)hophys- 
ectomized rats may be judged by an increase in th 3 Toid weight or b 3 ^ 
histological changes in the thyroid or by both. In our experiments much 
more reliable data were obtained by placing chief reliance on the height 
of the thyroid epithelium which could be measured and compared with 
corresponding measurements of glands from treated or untreated control 
animals.^ In untreated h 3 ^poph 3 ^sectomized rats, the average height of 
the thyroid epithelium was 3*8 micra in females and 3*0 micra in males. 
Extract might cause an elevation of height to 9 micra without significant 
change in th 3 Toid weight. The maximum height observed, and this was 
iJsuali 3 " associated with the maximum h 3 q:)ertroph 3 ^ of the th 3 roid, was 
11*4 micra. Ordinaril 3 ’’ the average of 30 measurements in each group of 
nits was a sufficient basis for conclusions. 

Crystalline carboxypcjjtidase. In three of the four cxperiment.s tlic cliange 
la tlwroicl weight caused b 3 " digested extract was 60-80% of tliat caused bv 
the control extract. However, the difference in effect was not staiisticallv 
‘‘’‘gnificant in an 3 ' experiment. The height of the thyroid epithelium \wis 
less in the glands of animals receiving digested extract in eomj»ari.'on 
Tli*' g’anUs wdv in Ucuin’s Uuiii. I;:i a:..l tx.-- In *.*• :o u -» J 


l 
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with those receiving control extract. It is necessary to conclude that an 
elTect of crystalline carbox^'peptidase on the thyrotrophic activity of hog 
IDituitary extract could not bo demonstrated. 

Crystalline chyniolrypsin. Fifteen groups of hypophyscctomized rats 
(13 female and 2 male), for which there were appropriate control groups 
which were either untreated or had received similar amounts of undigested 
extract, received extract which had been digested by chymotrypsin. The 



RELATIVE DOSE 

Fig, C. Tho weights of adrenals and thyroid of the rats of the experiment of Fig. 2. 

percentage of protein digested ranged from 18 to SO. The g.-equivalent 
of fresh gland administered varied from 0-25 to 8-0. In not a single group 
was there any manifestation of a thyrotrophic action as indicated by a 
significant change either in thyroid weight or in the height of the follicular 
epithelium. On the other hand, in every control group, including those 
on the lowest doses of undigested extract, the height of the thyroid 
epithelium was unquestionably greater than that of untreated controls. 
On the lowest doses only (0T25-0‘5 g.-equivalent), the control extract 
might not cause a significant increase in the weight of the thyroid. Figs. 
1 and 6 and Plate IX, Figs. 87 and 89, illustrate our findings. There appears 
to be httle doubt that the thyrotrophic hormone in our extract Avas 
rapidly inactivated by chymotrypsin. 

Crystalline trypsin. The results of the experiments with crystalline 
trypsin like those with crystalline chymotrypsin are remarkably uniform 
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and indicate that thyrotrophic hormone also becomes inactive if incubated 
in the presence of crystalline trypsin. Sixteen of the 17 groups of rats 
used were female. The degree of digestion as indicated by the disap- 
pearance of protein varied from 12 to 75%. The incubated control extract, 
even in doses equivalent to 0T25 g. of fresh gland, was always effective 
with the qualifications mentioned in the preceding section. There was no 
evidence of any thyroid stimulation in rats receiving digested extract. 
Data representative of the rest of the experiments are illustrated by Kgs. 
1 and 6 and Plate IX, Fig. 88. It is possible that a slight thyrotrophic 
effect is shown in Plate IX, Fig. 90, although a similar appearance of the 
thyroid epithelium was not found in the greater part of the sections or in 
those of the thyroids of the other rats of this group. It is, therefore, 
probable that th 3 n:otrophic hormone is quickly destroyed by crystalline 
trypsin under proper conditions. 

Merck" s trypsin. The experiments in which extract digested by Merck’s 
trypsin was injected required the use of 17 groups of female hyphophys- 
ectomized rats and three groups of males. The amount of protein removed 
by digestion varied between the limits of 10 and 75 %. Eight of the 20 groups 
received extract in which more than 60% of the protein had disappeared. 
The range of dosage was 0-25 to 10 g.-equivalents. Undigested control 
extracts were always active in terms of the description already given. 

Our data indicate that the particular sample of Merck’s trypsin used 
does not ordinarily inactivate the thyrotrophic hormone of oirr extracts. 
If all the experiments be considered together, the mean increase of thyroid 
weight induced by digested extract, expressed as percentage of change 
caused by the control extract, was 63% ; the corresponding figure for the 
increase in height of the epithelium of the follicles was 77%. No tIi>To- 
trophic action could be demonstrated in two groups of rats, one male 
and one female, receiving 2 or 4 g.-equivalents of extract from which 62% 
of protein had been removed by digestion (see Fig. 4). In the other si.x 
comparable experiments (percentage of digestion, 61-75%; dosage, 1, 2, 
4, 10, lOg.-equivalent) a thyrotrophic effect was always demonstrated 
by an increase in the height of the follicular epithelium, although a signi- 
hcant increase in thyroid weight was absent in two of the groups in which, 
however, there was evidence of maximum stimulation wdth disappearance 
of nearly all the colloid. We believe that ^lerck’s trypsin may partially 
niactivate thyrotrophic hormone but that we have only a rough idea of 
die e.xtent of this inactivation. On the other hand, thyrotrophic hormone 
|oay lose none of its activity even after nearl^^ half of the protein present 
an extract has undergone digestion. Part of the data under discu^w-ion 
illustrated in the bar diagrams of Figs. 1, 4, and 6. A microidioiograph 
dUistrating microscopical changes is reproduced in Plate IX, Fig. S3. 
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Papain. The incubated control extract for both papain and pepsin was, 
of course, kept at an acid pH. The dosage of such control extracts in 
conformity with the digested extracts was usually 1-2 g.-eciuivalent but 
sometimes was as low as O-o g. or as high as 10 g. In every group, which 
included groups of male rats, the control extract caused hypertrophy of 
the thyroid together with an increase of the height of the epithelium. 

The eilect of digestion by papain on the thyrotroi)hic action of extracts 
is illustrated in Fig. 3. In the four experiments performed (digestion: G, 31, 
GO, and G5%; dosage: 2, 2, 1, and 2 g. -equivalent) there was no evidence 
of destruction of thyrotrophic hormone. The thyrotrophic action of 
extracts in respect of hypertrophy of the thyroid or of the epithelium of 
the gland resembled that induced by control extracts. 

Crystalline joepsin. Digestion by this enzyme was found to bo one of 
the most effective means of abolishing the thyrotrojdiic action of an 
extract. The 14 groups of rats used consisted of 10 female groups and 4 
male groups. Ten to 80% of the protein of the extracts was removed by 
digestion (10, 34, 58, GG, G9, 70, 75, and 80%). The dosages used ranged 
from 0-5 to 10 g. -equivalent (0-5, 1, 1, 2, 2, 2, 2, 2, 2, 4, 4, G, 10, and 10 
g. -equivalent) ; 12 of the 14 groups received extract digested to the extent 
of 58% or higher. The following failures completely to abolish a thyro- 
trophic action by extract occurred : thyrotrophic etfects were found in the 
group receiving a ‘ 10% ’ digest in a dose of 2 g.-equivalent ; a stimulation 
of thyroid epithelium only occurred in some animals receiving 2 g.- 
equivalent of the extract in which GG% of the protciii had undergone 
digestion ; finally, in one animal each of the groups of females receiving 
G or 10 g.-equivalent of extract, there was definite enlargement of the 
ei^ithelial cells without change in thyroid Aveight. In all the other animals 
receiving pepsin-digested extract there was no evidence of any thyroid 
stimulation. This fact is of interest because luteinizing (interstitial-cell 
stimulating) hormone was not strikingly affected by peptic digestion. In 
fact, a high dose of an extract (6 g.-equivalent after digestion of 80% of 
the protein or 10 g.-equivalent after digestion of 58% of the protein) 
might reveal some follicle-stimulating action in addition to interstitial- 
cell stimulation Avithout, hoAvever, any evidence of thyroid stimulation. 
Such doses represented 12-20 times the dose of digested extract causing 
definite interstitial- cell stimulation. (See Plate V, Fig. 57, and Plate IX, 
Figs. 85 and 8G.) Other experiments are illustrated in Figs. 3 and 4, and 
Plate IX, Fig. 84. 

The effects of extracts on the adrenal glands 

When our first experiments Avere planned, Ave expected to gain con- 
siderable information on the behaviour of adrenal-cortical stimulating 
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hormone, after the hormone, which presumably was present in our extracts, 
had been subjected to digestion by various enzymes. However, a careful 
study of the Aveights of the adrenal glands yielded no consistent informa- 
tion despite occasional suggestive data such as the apparent destructive 
action of pepsin (see Fig. 3). Ho conclusions could be drawn from an 
experiment like that of Fig. 6. Study of the microscopical preparations 
fixed and stained by our routine technique was likewise fruitless. We 
believe that definite results can be obtained only after adrenal-cortical 
stimulating effects, which were often definitely produced by onr extracts, 
can be evaluated more accurately in hypophysectomized rats. The stain- 
ing of the lipins of frozen sections could not be done although this method 
might yield the desired information. Also it is possible that consistent 
effects might be demonstrated by the use of large groups of hypophys- 
ectomized rats. 

The behaviour of the spleen 

The spleen was weighed in aU the animals and in more than half of the 
experiments' the organ Avas also fixed and sectioned. We were unable to 
correlate splenic hypertrophy or morphology with extract dosage despite 
preceding digestion of much of the protein of extract. The injection of 
enzyme alone (see the section folloAving this) Avas usually followed by 
considerable enlargement of the spleen. 

Control ex2:)er intents 

The experiments included control groups of rats eitlier untreated or 
receiving injections of undigested incubated extract in the same dosage 
as digested extract. Incubation of the extract, at least in alkaline solu- 
tion, Avas not shown to affect the action of extract on the ov^aries, uterus, 
adrenals, and thyroid. The injection of the enzymes Avas found to liave 
no effect on the organs of hypophysectomized rats other than the spleen, 
fbe doses used for each group Avere the following: cr3\sta]Iiiie trA'psfn, 
nig., crystalline ch 3 miotrypsin, 1*3 mg., crystalline carboX 3 q)cptidai 2 e, 
2*3 ing., ^Icrck’s tr 3 "psin, 7-G mg., papain, 4*0 mg., and cr 3 *stallinc pepsin, 
mg. It was estimated that each dose represented about twice the 
niaxinuim amount injected in an 3 ' experiment. 

Discussiox 

It appears that Reiss and Haurowitz [1020J were the first authors to 
itiA'cstigate the action of protcoh’tie cnzA'ines on the gonadotrojjliic etfcct.^ 
of anterior pituitaiy extract. On the basis of rough assaA ^ in normal mic e 
thev concluded that erude trypsin or jack-meal extract (digesting j/c]Uonc 
but not fibrin) destroyed gunadutropliie hormones, i\ijMin was wfrhoiit 
effect unless KCX was added as an activator; under the latter 
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partial destruction (of luteinizing hormone?) occurred. The work of 
Evans, Simpson, and Austin [1933] agrees with the view that crude trypsin, 
activated by crude erepsin, destroys luteinizing hormone but not foIUcle- 
stimulating hormone provided that tJieir ‘antagonistic factor’ be con- 
sidered identical with the former and their ‘synergic factor’ be assumed 
to be follicle-stimulating hormone. The last-named was destroyed by 
pepsin. These findings agree with ours if the assumptions as to identity 
are accepted.^ Bates, Riddle, and Lahr [1934] and Riddle, Bates, Lahr, 
and Moran [1936] concluded that follicle-stimulating hormone is quickly 
destroyed by purified trypsin as shown by the failure of digested extracts 
to cause testicular hypertrophy in ringdoves or ovulation in the rabbit. 
We are unable to reconcile our observations with those of Guyenot and 
his co-workers [Guyenot, Ponse, and Dottrens, 1934; Guyenot, Vallette, 
and Dottrens, 1934; Guyenot, Ponse, and Dottrens, 1935]. These authors 
performed their assays in immature normal guinea-pigs and concluded 
that digestion of anterior pituitary extract by pepsin destroys luteinizing 
(crinogenic) hormone rapidly but inaetivates follicle-stimulating (auxo- 
genic) hormone slowly. These findings are the exact reverse of ours in the 
immature hypophysectomized rat and it does not appear probable that 
the difference in the species of test animal will account for the discrepancy. 
In one communication [Guyenot, Ponse, and Dottrens, 1934] it was 
stated that thyrotrophic hormone resists peptic digestion; however, in 
the report of 1935, Guyenot et al. concluded that this is true only very 
exceptionally. Fevold [1937] stated that both gonadotrophic hormones 
are destroyed if digested by either trypsin or pepsin although he published 
no specific data. It should be mentioned that none of the authors cited 
above used hypophysectomized animals and that histological studies were 
the exception rather than the rule. 

Recently MeShan and Meyer [1938, 1939 a, 6] and Chen and van Dyke 
[1939] concluded that crude or crystalline trypsin destroys nearly all the 
luteinizing action of anterior pituitary extract. Both groups of authors 
used normal as well as hypophysectomized rats and studied the micro- 
scopic appearance of the ovaries. In neither set of observations was the 
extent of digestion determined; moreover, conditions were not optimal 
in the experiments of MeShan and Meyer in 1938 since the authors con- 
ducted the digestion at pH 6-5 for only 3-5 hours. The destructive effects 
of crystalline trypsin on follicle-stimulating hormone were not recognized 
by these authors, probably because they did not digest their extracts to 
a great enough extent. Greep [1939], using the same Merck’s trypsin 
employed in the experiments of Chen and van Dyke and in those now 
reported, demonstrated that digested extract completely maintained 
' See Evans, Simpson, Tolksdorf, and Jensen [1939]. 
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spennatogenesis in adult hypophysectomized rats and yet, unlike control 
extract, had no effect on either the interstitial cells or the accessory organs. 
The latest report is by Abramowitz and Hisaw [1939]. The authors’ 
conclusions were based on the changes in weight of the ovaries or seminal 
vesicles of normal rats. Lacking histological studies, determinations of 
extent of digestion, and dose-effect curves for their preparations in the 
test animals, their data do not appear to justify their belief that neither 


Table III. Survey of results in simplified form 

Gonadotrophic hormone 



Protein 

Follicle -stimulating 

Luteinizing 

Thyrotrophic 

Enzyme 

digested 

action 

action 

action 

Crystalline 

/o 

<5 

Unaffected 

Unaffected 

Unaffected 

carboxypeptidase 

(5 hours) 
5-12 

Unaffected or 

Reduced 

Unaffected 

Crystalline chymo- 

(30-41 hours) 

18-35 

reduced 

Reduced 

Absent 

Absent 

trypsin 

65-80 

Absent 

Absent 

Absent 

Crystalline trypsin 

12-48 

Reduced 

Absent 

Absent 

61-75 

Usually absent 

Absent 

Absent 

ilerck’s trypsin 

10 

Unaffected 

Unaffected 

Unaffected 


35-46 

Unaffected or 

Reduced 

Unaffected or 


61-75 

reduced 
Unaffected or 

Absent 

reduced 

Usually reduced 

Papain 

6-31 

reduced 

Unaffected 

Unaffected 

Unaffected 


60-65 

Reduced 

Reduced 

Unaffected 

Crystalline pepsin 

10-34 

Unaffected or 

Reduced ? 

Usually absent 


58-80 

reduced 

Absent 

Reduced ? 

Usually absent 


crystalline trypsin nor crystalline chymotrypsin destroys luteinizing hor- 
hione more rapidly than follicle-stimulating hormone. Likewise, although 
the authors may correctly infer that papain partly destroys follicle- 
stimulating hormone without affecting luteinizing hormone, their data 
supply no adequate basis for this conclusion, 

Guydnot el aL believed that autol^’sis of anterior pituitary tissue is 
accompanied by destruction of both luteinizing and thyrotrophic hormones 
hut is without action on follicle-stimulating hormone. ^MeShan and Meyer 
Well as Abramowitz and Hisaw concluded that ptyalin (saliva) destroys 
follicle-stimulating hormone but not luteinizing hormone. 

Iho results of our investigation are summarized in Table III, which 
caves out of account certain e.xceptions which are described in the pre- 
cediiig te.xt. Ifowever, these e.xceptions appear not to invalidate tentative 
^oncluicions which may be drawn from a consideration of this table, .Ml our 

n h 
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data supporting tho view that each of tlio three hormones (follicle-stimu- 
lating, luteinizing or interstitial-cell stimulating, and thyrotrophic hor- 
mones) can exist independently and confirm tho view originally advanced 
by Fevold, Hisaw, and Leonard [1030] that follicle-stimulating and luteiniz- 
ing hormones can bo separated. The particular sample of Merck’s trypsin 
used can abolish all or nearly all luteinizing and interstitial-cell stimulating 
elfects^ of tho o.xtract Avhilo preserving a large part both of thyrotrophic 
hormone and of follicle-stimulating hormone which provokes adequate 
secretion of oestrogen as shown by hypertrophy of the uterus and its 
epithelium. Provided that more than half of the protein has been digested, 
pepsin leaves intact only tho interstitial-cell stimulating (luteinizing) 
hormone. It is apparent that neither crystalline carboxypeptidase nor 
papain specifically destroys any of the three hormones. Crystalline chymo- 
trypsin and crystalline trypsin alike destroy all three hormones when about 
60% or more of the protein of the extract has been digested. At lower levels 
of protein digestion, and infrequently at high levels, a follicle-stimulating 
effect alone persists but appears not to be adequate since the expected 
accompanying eft'ects on the uterus may be surprisingly slight. The effects 
of all the digests on the ovaries are paralleled by similar effects on homo- 
logous parts of tho testis. We believe the view that luteinizing hormone 
may be identical with thyrotrophic hormone, as suggested by some 
authors [Jensen and Tolksdorf, 1939], must be rejected on the basis of 
our observations. The possibility that the sensitivity of our test for thyro- 
trophic hormone in peptic digests is comparatively lower and that, there- 
fore, the hormone would not be recognized after partial destruction seems 
ruled out by tests of threshold doses of control extract. In such an experi- 
ment thyrotrophic hormone could be detected when interstitial-cell 
stimulation in the ovaries was present in some but not all the animals. 
Moreover, extracts digested by Merck’s trypsin could cause a maximal 
thyroid stimulation without evidence of any stimulation of interstitial 
cells. 

It is our opinion that the validity of our results, so far as the destructive 
effects of enzymes are concerned, is increased because the doses used are 
comparatively large. Control experiments indicate that the minimally 
effective dose for acid or alkaline incubated extracts is no more than 0-1 
g.-equivalent of fresh gland (0-09 mg. N) in either sex. Thus, in terms of 
control extract, the doses used represent 5, 10, 20, 40, or more minimal 
doses. 

The importance of the extent of digestion in determining the degree 
and nature of the response is illustrated in Fig. 7, the curves of which 

^ Theso two effects disappear simultaneously ns digestion proceeds and appear to bo 
causod by the same hormone. 
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represent frank approximations. In the cases of peptic and Merck-trypsin 
digests, both qualitative effects (follicle-stimulation and luteinization) are 
present and the ovarian hjpiertrophy is definite or pronounced if not more 
than 35-45% of the protein has been digested. If digestion is carried 
farther, only one qualitative effect remains ; simultaneously an effect on 
ovarian weight is reduced or absent. 

It is obvious that the effects of Merck’s trypsin are chiefly caused by 



PER CENT CHANGE IN OVARIAN WEIGHT IN TERMS Or CONTROL 
Fio. 7. Diagram illaatmting qualitative ovarian changes and changes in ovarian wciglit in 
exporimcnts with three enzymes when extract injected into each rut was equivalent to 
1 or 2g. of fresh hog pituitary. ‘Control* refers to groups receiving same doses of extract 
incubated in solutions at the same pH used for digestion. 

an enzyme or enzymes different from crystalline chymotrypsin or crystal- 
line trypsin (ox). The particular sample of Merck’s trypsin which we used 
appeared to contain only traces of chymotrypsin as estimated by rennet 
activity. We are aware that the true rennet activity might have been 
inhibited by other substances in this crude trypsin, but believe that sig- 
nihcant amounts of chymotrypsin would, nevertheless, not have 3 'ielded 
only trivial indications of rennet activity. On the other hand, tr^’psin w;is 
found to be responsible for about 30% of the total digestiveaction as shown 
by the persistence of about 30% of the original activity after a solution 
^f Merck’s trypsin had been boiled in 0-01 N HCl (0*5 mg. ]m.t c.e.) and 
then chilled. Experiments in which, after the addition of a weight d 
'iinount of crystalline trypsin to a tolution of Merck’s iry])>in, t.he activity 
^f the mixture in digesting casein was determined before and after boiling, 
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showed that the added trypsin could bo accounted for quantitatively. 
Therefore no trypsin-inhibitor was present and the estimate of trypsin 
present was accurate. All the above data confirm the belief that the 
proteolytic activity of l\lcrck’s trypsin depends to a major extent on the 
presence of enzymc(s) other than trypsin or chymotrypsin^ (ox). 

It is well known that enzymatic reactions are highly specific and depend 
on the chemical constitution of the substrates. A great advance in our 
knowledge of the nature of the linkages attacked by proteolytic enzymes 
is based on the discovery of the carbobenzoxy method of Bergmann and 
Zervas [1932]. This method of synthesis of polypeptides enabled the 
authors to prepare synthetic substrates of their choice. Thus they showed 
that crystalline trypsin, which differs from chymotrypsin in its inability 
to clot milk, is active in the jjresence of an arginine residue as in benzoyl- 
arginine-amide, whereas chymotrypsin acts upon a tyrosine residue as 
in benzoyl-tyrosyl-glycine-amide. Neither of these two enzymes will affect 
the substrate of the other. Furthermore, the substitution of the arginine 
or tyrosyl groups by other amino acids renders the substrates resistant to 
both enzymes. Pepsin attacks carbobenzoxy-^-glutamyl-Z-tyrosine [Berg- 
mann and Fruton, 1937; Bergmann, Fruton, and Pollock, 1937; Fruton 
and Bergmann, 193S]. 

The concept that enzymatic activity depends on specific chemical groups 
and configurations of the substrates apjilies to natural proteins as well as 
to the synthetic pej^tides, as shown by the digestion of casein by trypsin 
and chymotrypsin. Northrop and Kunitz [see Northrop, 1939] found 
that the addition of trypsin to a casein solution previously digested by 
chymotrypsin to a maximum, or of chymotrypsin to casein previously 
digested by trypsin, resulted in a marked increase in hydrolysis. It 
is therefore certain that the two enzymes split casein at different 
linkages. 

In the light of what has just been stated concerning the specific sub- 
strates required for some of the enzymes used by us it is possible that 
luteinizing and thyrotrophic hormones require the presence of the follow- 
ing intact linkages : arginine amide and tyrosyl (or phenylalanyl) glycine 
amide. Thyrotrophic hormone, in addition, possibly is inactivated if the 
glutamyl-tyrosine bond has been ruptured. The glutamyl-tyrosine linkage 
also may be essential for the action of follicle-stimulating hormone. 
However, this hormone also is largely destroyed if a large part of the 
protein is hydrolysed either by chymotrypsin or by trypsin. It is possible 
that the resistance of follicle-stimulating hormone in the earlier stages of 

^ The amylase activity of ^Merck’s trypsin is very slight » as indicated by the finding that 
0*13 mg. was the minimum amount which hydrolysed (disappearance of iodine reaction) 
I'O c.c. of a 0-5% starch solution in 20 minutes at 36® C. ‘ 
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digestion by chymotrypsin or trypsin depends upon the survival of part 
of the arginine amide and tyrosyl glycine amide linkages which, as diges- 
tion proceeds farther, are split so that all or nearly all the follicle-stimulat- 
ing activity disappears. It is necessary to emphasize that a great number 
of other amino-acid linkages, possibly just as specifically attacked by 
puie enzymes, have not been investigated. Obviously, also, the linkages 
mentioned on the basis of available knowledge may not be essential so 
far as hormone action is concerned. Although there is e\ddence that 
carbohydrate may be an important or an essential component of follicle- 
stimulating hormone [McShan and Meyer, 1938, 1939 a, 6; Abramowitz 
and Hisaw, 1939 ; Evans, Fraenkel-Conrat, Simpson, and Li, 1939], there 
can be no question that protein or polypeptide must be intact since the 
purely proteolytic enzyme pepsin readily destroys follicle-stimulating 
hormone. If this hormone be considered a glycoprotein, these results are 
not contradictory. 

Our success in obtaining specific ovarian effects has permitted us to make 
some observations that appear to have an important bearing on the site of 
oestrogen formation by the ovary. Allen has long contended that this 
function should be ascribed to the granulosal elements. In a recent review 
of the literature Corner [1938] upholds the view that the thecal cells are 
the secreting element. Mossman [1937] relates the occurrence of oestrus 
in the pocket-gopher, Geomys biirsarius, to the extensive development of 
the ‘thecal gland’ which is seen at this time. Parkes [192G] and Schmidt 
[193G] have studied the ovaries of mice and guinea pigs after X-ray 
treatment and concluded that the interfollicular tissue resulting from this 
treatment produces oestrin. Evans, Simpson, and Pencharz [1937] found 
that the repair of the ovarian interstitial tissue by their ICSH fraction was 
not accompanied b}^ an}’’ uterine growth. As sliown in the text, peptic 
digests of pituitary gonadotrophic extract may cause extensive develop- 
ment of the interstitial tissue. They also produced a marked hypcrtroph 3 ’ 
of the thecal cells (Plate III, Fig. 41). Plate II, Fig. 26, Plate III, Fig. 41, 
Plate V, Fig. oG, and Plate VI, Fig. GG are based on an animal representa- 
tive of this t^’pe of treatment and show (a) absence of follicular growth, 
{b) extensive hypertrophy^ of the thecal celL^ and of the interstitial cells, 
nnd (c) the concomitant absence of an oestrogenic effect on tlie uterus. 
Irom this wc conclude tliat the interstitial cells of the rat do not secrete 
oestrogen and that the hyj)ertroj)hicd thecal cells are al^o not concerned 
in this process. We have observed instances in which >oinv growth of the 
follicles may occur after treatment with tryptic digc.'jts uith little or no 
Jirowth of the uterus. On the other hand, gruutli of the uterus has never 
been observed in our animals in the ab>enee i»r liefinite follicular develop- 
luent. 
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SUMiMAUV 

The effects of digestion by proteolytic enzymes on hormones in extracts 
of fresh liog pituitary glands were investigated by comparing the actions 
of digested and incubated control extracts in hypopliyscctomized im- 
mature female and male rats. In the preparation of the extracts by a 
single method, two objectives were sought: (1) to avoid as far as possible 
any denaturation of protein, and (2) to employ a purified extract which, 
however, retained the various hormones of the anterior pituitary. Tests 
with control extracts indicated tiiat gonadotrophic hormones and thyro- 
trophic hormone were clearly present. No satisfactory data on the hormone 
stimulating the adrenal cortex were obtained. 

Crystalline carboxypeptidase, crystalline chymotrypsin (ox), crystalline 
trypsin (ox), a commercial trypsin (E. Merck), purified papain, and crys- 
talline pepsin (hog), were used as enzymes. The percentage of protein 
digested was often of decisive importance in determining destruction or 
survival of the three hormones (follicle-stimulating, luteinizing or inter- 
stitial-cell stimulating, and thyrotrophic) which, it is believed, can exist 
independently. 

CrystalUne carboxypeptidase and papain were found to have no specific 
effect but probably caused some general destruction. Crystalline chy mo- 
trypsin and crystalline tryiisin destroyed luteinizing hormone and thyro- 
trophic hormone ; they impaired the action of follicle-stimulating hormone 
and often destroyed it at high levels of digestion. Merck’s trypsin destroyed 
luteinizing hormone only, whereas crystalline pepsin destroyed follicle- 
stimulating and thyrotrophic hormones. Homologous parts of the testes 
of immature hypophysectomized males were stimulated by gonadotrophic 
hormones surviving digestion. 

The results are discussed in respect of: (1) previous work, (2) specific 
activities of enzymes, and (3) the site of oestrogen secretion. 


We wish to acknowledge gratefully the constant assistance of Miss N. A. 
Tupikova. 
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OBSERVATIONS ON THE METABOLISM OF DOGS 
MADE PERMANENTLY DIABETIC BY TREAT- 
MENT WITH ANTERIOR PITUITARY EXTRACT 
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The observation that a permanently diabetic condition may be induced 
in dogs by a short period of treatment with anterior pituitary extract 
[Young, 1937] has been gcnerall}’ confirmed [Campbell and Best, 1938; 
Houssay and Biasotti, 1938; Dohan and Lukens, 1939; Loubatieres, 
1939 a, 6]. Subsequently it was found that changes in the islets of Langer- 
hans of the pancreas were demonstrable in those animals in which a 
permanently diabetic condition had thus been established [Richardson and 
Young, 1938; Campbell and Best, 1938; Dohan and Lukens, 1939]. In 
the present paper, which is concerned with investigations on the nature 
of the metabolism of these diabetic dogs, the term ‘pituitaiy-diabetes’ 
will be used to describe the permanently diabetic condition established by 
such a short period of pituitary treatment, but it must be stressed that 
there is no intention to imply by the use of this expression that the diabetic 
condition is one associated with a continued over-activity of the anterior 
lobe of the pituitary gland. On the contrary, evidence will be adduced 
that this condition is not associated with any obvious change in the 
pituitary function of the diabetic animal. It is necessary, however, to use 
a term which will clearly distinguish the diabetic condition induced in 
dogs by pancreatectomy, on the one hand, and by a short treatment 
with anterior pituitary extract, on the other. The terms ‘pancreatic- 
diabetes’ and ‘pituitary-diabetes’ are clearly the most suitable for this 
purpose, if the particular meanings here attached to them are clear and 
explicit. 

During the past two years observations have been made in this labora- 
tory concerning the metabolism of dogs with pituitary-diabetes, and a 
number of preliminary observations have been recorded [Young, 1937, 
1938 a, b ; Marks and Young, 1938 ; Young, 1939 d, b]. The present com- 
munication completes the publication of the data so far obtained in this 
laboratory, and includes a general discussion on the metabolism of these 
dogs. 
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Methods 

Biological 

Induction of pituitary-diabetes in dogs. Permanent diabetes was induced 
in young male dogs, weighing about 10 kg., by the daily administration, 
for a short period, of crude ox anterior pituitary extract according to the 
method already described [Young, 1937, 1938 a]. The amount of extract 
injected daily was progressively increased every few days until the dose 
administered daily was equivalent to 25 g, of fresh ox anterior lobe tissue. 
Daily treatment with this amount of extract was continued untU a point 
was reached at which cessation of injections resulted in no diminution of 
glycosuria. The conditions governing the conversion of the temporary 
into the permanent form of diabetes, induced by treatment with pituitary 
extract, have recently been discussed [Young, 1939 a]. 

In our experience, once the permanent state of diabetes has been pro- 
duced, the condition shows no sign of remission whatever, but, on the 
other hand, sometimes tends to increase somewhat in severity with the 
passage of time. In particular, the ketonuria, which usually falls to a 
very low level soon after the cessation of pituitary injections, rises again 
later, and sometimes slowly but progressively increases over a long period 
of time. 

Pancreatectomy was performed in a one-stage operation, the complete- 
ness of removal being verified in all cases at post-mortem examination, 
lor 2-3 weeks after operation the dogs were given two daily injections 
of insulin of sufficient magnitude to depress the glycosuria to a low level 
when a diet of raw meat and pancreas was fed. When the abdominal 
Wound had completely healed the amount of insulin given daily was 
gradually reduced to zero over a period of 3-5 days ; observations on the 
untreated depancreatized dogs were usually begun 2-5 days after the 
administration of insulin had been completeh’’ stopped. 

Golleciion of iirine. The experimental animals were housed in large 
nietabolism cages, the urine being collected under toluene. As the animals 
Were not catheterized at the end of each 24-hour period, only average 
values for urine composition over a period of about 7 successive days 
''ere considered in most instances. 

Experimental diets. During the various experimental periods, the dogs 
'\ere given weighed amounts of food in one or two portions, at fixed times 
day. Any uneaten residue was weighed and tlie amount of fiuxi 
^aten thus determined. However, in almost every instanee the uhole of 
1 ie food ofTered was rapidly eaten. 

Ihe average composition of typical diets is given in Table I. Tiie amount 
t>f food ingci^ted daily was. in most instancv‘S, so adju^tcil that tlie .jnimal 
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received tlio equivalent of just over 900 calories. Thus, except in the case 
of a high carbohj'drate diet, the food was approximately sufiicient to 
cover the metabolic needs of the animal, allowing for the loss of sugar in 
the urine. The horse meat was freed from visible fat and cut into small 
pieces or minced, to facilitate digestion; in preparing the ‘Toronto’ diet 
(Table I) the raw pancreas and raw meat were thoroughly mixed by being 
minced together with constant stirring. In spite of our attempts to main- 

Tablc I. Composition and characteristics of typical diets 

Carbohycirato g. 
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Composition 
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Protein 
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available 




g* 

g* 



High 

1000 g. raw loan horso 

932 

190 

12 

10 

121 

protoin 
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horso flesh -f- 90 g* 
boiled ox livor 






‘Toronto’ 

400 g. raw horso meat 

739 

100 

15 

46-5 

104 


+ 200 g. raw ox pan* 
crens*b40 g. glucose 







500 g. raw horso moat 

925 

125 

19 

58 

130 


-f 250 g, raw ox pan- 
creas -f 50 g. glucose 






High carbo- 

220 g. wheatmeal bis- 

971 

55 

8 

104 

190 

hydrato 

cuit-f 90g. of boiled 
ox livor 







300 g. wheatmeal bis- 

108C 

30 

3 

022 

243 


cuit 






High fat 

50 g. boof snot. 

455 

0-2 

48-5 

0 

(4-8?)* 

* Glycerol, 

which is not considered 

as forming sugar 

available 

for excretion by the 


diabetic animal (see below). 

tain a uniform sujiply of meat the composition undoubtedly varied quite 
substantially from time to time, as shown by variations in the nitrogen 
excretion wlien apparently the same diet was given (cf. Table III). 

Bones Avere given once or tAvice a Aveek and vitamin supplements in the 
form of ‘radiostoleum’ (A and D) and dried yeast Avere added to the food 
once a Aveek. Water Avas given ad libitum, care being taken to anticipate 
any inci’ease in Avater intake occasioned by a change of experimental 
conditions. The animals ahvays had access to rock salt in case the sub- 
stantial loss of NaCl in the large volume of urine excreted should induce 
salt depletion. 

For the purpose of carrying out sugar tolerance tests or of determining 
the proportion of ingested sugar excreted in the urine, glucose Avas given 
in the solid form — small pellets, Avhich the animals readily ate — or as solu- 
tion Avhich, in a fcAv instances, Avas administered by stomach tube. For 



PITUITARY-DIABETES IN DOGS 


473 


sugar tolerance curves the sugar was given when the animal was in a fasting 
condition, but otherwise it was given in addition to the ordinary food. 

Casein, when supplementing a high-fat diet, was kneaded into a dough 
'vvith a little water, and lightly baked into the form of an appetizing 
biscuit. 

The total daily amount of food was usually divided into two equal 
portions, one of which was given in the morning at about 10 a.m., and the 
other at about 5 p.m. In those experiments in which insulin was given, 
this was administered subcutaneously in two equal doses, one before 


Table II. Excretion of nitrogen in faeces by diabetic dogs 


Dog 

Condition 

Diet 

Period 

Protein 

fed 

Urinary 

nitrogen 

excretion 

Faecal 

nitrogen 

excretion 

40 

Pituitary dia- 

High protein 

days 

7 

g./day 

164 

g./day 

24*6 

g*/day 

1*66 

50 

betic 

tf 

High carbo- 

5 

42 

5*8 

0*90 

60 

Depancreatized 

hydrate 

‘Toronto Diet’* 

7 

116*5 

17*2 

1*44 

60 

9$ 

Raw meat-f- 

2 

187 

22*15 

14-20 


liquor pan- 
crcaticus 


* Toronto diet raw meat-)- raw pancreas glucose. See Table I. 


each meal. It was of importance to ensure that all the food was eaten 
immediately after the insulin had been injected in these experiments, in 
order to obtain constant results regarding insulin requirements on the 
different diets. Any delay in eating food tended to cause considerable 
vernations in glycosuria, even when constant amounts of food and insulin 
were given. 


Tile pituitary^diabetic dog, which has its digestive system intact, is 
^ble to digest food in a normal manner, and in the early experiments 
diets containing no digestive enzymes were j^iven to tliese dogs. Tlie 

I C3 w */ O w 

oepancreatized dog, however, cannot digest protein and fat to the normal 
extent owing to the absence of pancreatic enzymes, and in order accurately 
lo compare the metabolic condition of the pituitary-diabetic dog with that 
t>f the depancreatized animal, it was necessary to feed both types of 
diabetic dog on a diet containing an ample supply of pancreatic enzymes. 
‘Toronto* diet used in these experiments was that employed by Dr. 
Ih Best and his colleagues in the University of Toronto, and de,-cribed 
kv Campbell and Best [1938]; it contains a large j)ropurtion of raw 
pancreas (Table I). The use of the same type of diet in the two laboraturies 
"ill facilitate the direct comparison of the re.-^ults of the luo groups of 
iiiyco^tigators. 

resultsgiven in Table II show tliat the amount of nitrogen cxcrcl<.d 
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in the faeces of the depancreatizccl clog receiving the ‘Toronto’ diet is about 
the same as that in the faeces of protein-fed jiituitary-diabetic dogs. 
Table III sununarizes the figures for average urinary nitrogen excretion 
by pituitary-diabetic and depancreatized dogs, during j^criods in which 
they were receiving ample insulin therapy and could be assumed to be 
very nearly in nitrogen cciuilibrium. Tlie body-weight changes in the 
different groups were certainly very closely similar, and under these con- 
ditions we may safely assume that the urinary nitrogen excretion is an 
indicator of the extent to which nitrogenous material is absorbed from 
the intestine. The results clearly show that the absorption of i^rotein 


Table III. Urinary excrelioti of nitrogen by diabetic dogs receiving 
'Toronto’ diet together with insulin 


Daily food 



Total 
no. of 

Average 

daily 

nitrogen 

Mean 

body-weight 

intake 

Dogs 

Condition 

days 

excretion 

•g- 

change 

kg./day 

040 g. of 

44 & oO 

Pituitary-diabetic 

17 

14-75 

0*0o 

‘Toronto* diet 

it 

60, 65, ct 

07 

Depancreatized 

82 

14-55 

+ 0-01 

it 

44 

Depancreatized 

pituitary-diabetic 

32 

16-55 

0-00 

800 g, of 

44 & 50 

Pituitary-diabetic 

06 

19-05 

+ 0-05 

‘Toronto’ diet 

it 

GO, 65, 67, 
69, 70, 71 

Dopancroatizod 

93 

18-70 

+ 0-05 

it 

44 

Depancreatized 

pituitary-diabetic 

40 

19-76 

+ 0-04 


from the gut of the depan creatized dog fed on the ‘ Toronto ’ diet is almost 
as great as that for the pituitary-diabetic dog. The results in Table III 
show that, when 800 g. of ‘Toi'onto’ diet were given daily, depanci’eatized 
dogs excreted, on the average, 0-35 g./day less nitrogen through the kidneys 
than did the pituitary-diabetic dogs, although the average body-weight 
change in the two groups was the same. As the pituitary-diabetic dogs 
excreted 19-05 g./day of nitrogen, on the average, we can calculate that 
the nitrogen exci’etion of the depancreatized dogs was 


/19-05-0-35\ 
\ 19-05 / 


100 = 98-3% 


of that of the pituitary-diabetic dogs. This difference is so small as to be 
negligible, although in some experiments 3% more food was given to the 
depancreatized dogs to counteract any such slight diffei’ence in power of 
absorption from the intestine. The fact that ingested glucose is excreted 
quantitatively, or almost quantitatively, in the urine of the depancreatized 
dog [cf. Minkowski, 1893 ; Barker, Chambers, and Dann, 1937 ; &c.] shows 
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that in the complete absence of pancreatic enzymes glucose can be almost 
completely absorbed from the gut of the dog. We have found no evidence 
that our depancreatized dogs were able to absorb glucose less efficiently 
than were the pituitary-diabetic dogs. 

Respiratory metabolism was determined by means of a closed circuit 
apparatus designed by one of us (H. P. M.) and described in the Appendix. 
Average metabolic rates were calculated from the gaseous exchange over 
periods of 24 horns in some instances, but more frequently over shorter 
penods. The results were expressed as calories per square metre of body 
surface per day, using Meeh’s formula S = 0T12 ^(Body-weight)- in 
calculating the body-surface. During the determinations of metabolic rate 
1^0 steps were taken to ensure that the dogs were in a ‘ basal ’ condition ; 
they were allowed to indulge in their usual activity, as it was hoped thus 
to obtain conditions approaching those in the metabolism cages in which 
the dogs normally lived. In those experiments in which glucose was given, 
the metabolic rate was determined over a period of 2 hours before the 
^administration of glucose, and for one or two periods, each of 2 hours, 
lifter the administration. 

^ Chemical 

Blood. 

Blood sugar was determined by the Hagedorn- Jensen method on 0*1 c.c. 
of blood obtained from the ear vein. 


Urhie, 


Urinary sugar was determined by titration with Benedict’s quantitative 
^oagent; the reagent was frequently checked by titration against polari- 
^ictrically standardized solutions of glucose. The sugar content of the 
urine as determined by Benedict’s method was occasionally compared 
results obtained by the polarimetric analysis of the amount of sugar 
the urine. No discrepancy was ever encountered outside the probable 
^•"^'porimental error of the methods, and it was therefore assumed that the 
sugar present in the urine in substantial amount was gluco^-e. 

Urinar}'^ ‘ketone bodies’ were determined by the Deniges-Van Slykc 
gravimetric method, the /3-hydroxybutyric acid being oxidized with hot 
^i»chroinate solution [Peters and Van Slyke, 1031]. The results are ex- 
ptcx-ied as Uotal acetone’. If the amount present wiis too small to be 
‘^^'curately determined by the gravimetric method, an ajjproximate deter- 
J^'aiation was made on the basis of the intensity of the Kother*! and Ger- 
"'^tdt colour tests. 


Urinary nitrogen was determined by Kjeldahrs method. 

Uaily tests for albumin (sulphosalicylic acid te>t) were m.ide, in ortler 
detect any kidney damage tliat might liave develo]>od. None u.l-) ever 



47G 


H. P. MAItKS AND P. 0. YOUNG 


found, although it sliould be mentioned that a slight but temporary 
albuminuria was sometimes observed during the preliminary period of 
anterior lobe injections. The pH of the urine was determined daily in 
order to detect any development of acidosis. 

Foodstuffs. 

For analysis, meat was finely minced and biscuit well powdered, the 
water content being estimated on a sample by drying to constant weight 
at 100° C. The dried residue was powdered and thoroughly extracted 
with hot petroleum-ether, the extracted fat being recovered, by evapora- 
tion of the solvent, and weighed. The residue left after extraction of the 
fat was incinerated to constant weight for the determination of ash- 
content. 

Free sugar was extracted by repeated leaching of a suitable sample of 
minced or powdered foodstuff with 80% alcohol. The extracts were com- 
bined and evajjorated just to dryness, the solid material thus obtained 
being dissolved in water and freed from protein by means of the Somogyi 
[1930] acid-zinc sulphate reagent. The sugar in the protein-free filtrate 
was determined either by the Hagedorn method or by titration with the 
Benedict reagent. 

Glycogen or starch were determined by a modification of the method 
of Evans, Tsai, and Young [1931]. 

Galcidalion of corrected DjN quotients, cC-c. 

In the present communication the Dextrose/Nitrogen or D/N quotients 
given are, in every instance, cox’rected values ; that is to say, the average 
daily intake of preformed carbohydrate has been subtracted from the 
average daily sugar excretion in the determination of the ‘D’ for the 
calculation of ‘D/N’. The glycerol portion of fat is not considered as 
preformed carbohydrate for the purposes of these calculations, as accord- 
ing to Lusk [1928] this does not appear in the urine of depancreatized 
dogs as glucose. In any case, the fat content of our high-protein diets was 
so small as to make the correction for the glycerol portion of the fat 
almost negligible. 

After any change of regime, and in particular after the withdrawal of 
insulin, D/N quotients were not determined for two or three days, in 
order to allow the animal to accustom itself to the new conditions. This 
was of especial importance after the withdrawal of insulin, as ab normally 
high D/N quotients may then be found for two or three days owing to the 
loss of stored, preformed glycogen [Lusk, 1928]. 

When 50 g. of glucose were added to the food, the amount excreted in 
the urine was determined on the basis of the D/N quotients for the days 
preceding and following the day on which the glucose was given. For 



477 


PITUITARY-DIABETES IN DOGS 

example, in an experiment with dog 50 the urinary sugar on one day 
during a period of high-protein diet was 102*1 g., nitrogen excretion being 
28*5 g. with a corrected D/N of 3-41. The next day 50 g. of glucose were 
added to the diet, the sugar excretion being 156-1 g., nitrogen being 29-7 g., 
D/N (corrected for the added 50 g. of glucose) being 3-40 ; the third day, 
D = 106-3 g., N = 29-6 g., D/N being 3-43. On the basis of these figures 
the excretion of the extra sugar was considered to be quantitative. The 
relevant data for another similar experiment with dog 50 are as foUows: 
first day, D = 84-1 g., N = 25-5 g., D/N = 3-10 ; on the second day 50 g. 
of glucose were added to the diet, D being 145-3 g., with N = 31-6 g. 
and D/N (corrected for the 50 g. of glucose) 2-86. The follomng day 
D = 94-1, N = 29-1, D/N = 3-06. On the day on which the glucose was 
given the D/N would have been 3-08 (the average of the values for the 
previous and following days), if D had been equal to 152-5 g. The observed 
value fell short of this by 7-2 g. Therefore the percentage recovery in 

the urine was ^5 — — X 100 = 86%. 

The total available sugar in the diet was calculated on the basis of 
conversion of protein to sugar in such a proportion that 1 g. of nitrogen 
is equivalent to 3-65 g. of glucose; the figure for nitrogen used in this 
calculation was that for the average daily urinary excretion over the 
period in question ; in this way the influence of variations in the composi- 
tion of the meat was reduced to a minimum. The question of the maxi- 
mum amount of sugar that can be formed, in the body, from protein has 
l^cen discussed by Lusk [1928], who concludes from the results of experi- 
fiients with depancreatized and with phloridzinized dogs that the maximum 
conversion is expressed by a D/N quotient of 3*65. As the D/N quotients 
observed for our animals were not far from this figure, we felt justified 
Using Lusk’s value. It is clear, however, that if the tissues of the 
depancreatized or the phloridzinized dog are capable of oxidizing any 
at all, then the urinary D/N quotient may not be an indicator of the 
^^axiinuni amount of sugar that can be formed from protein. Nevertheless, 
We ourselves were concerned primarily with the urinary excretion of 
and nitrogen, it seemed reasonable to use the value of 3-65 in our 
Calculations. In calculating the total available sugar for a diet, no account 
"as taken of the glycerol portion of the (in most instances) small amount 
^^fat in the food. 


Results 

General 

If is convenient to describe the diabetic condition which is exhibiic(i 
during a period of injections with anterior lobe extract ;ts the ol 
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temporary diabetes ’ ; if treatment witli tlie extract is of sufficient intensity, 
the temporary pliase of diabetes evolves into the permanently diabetic 
condition. The conditions under which the temporary may be converted 
into the permanently diabetic state liavc recently been discussed [Young, 
1939a] and need not bo considered here. There is, however, one point 
that should bo mentioned before we consider the general influence of diet 
on the metabolism of these permanently diabetic dogs: that is the question 
of ketonuria. In the curves already published, which show the course ol 
events during the period of conversion of the temporary into the perma- 
nent diabetes [Young, 1937; 193Sn; 1939a], it will be observed that the 
ketonuria falls to a very low level after the permanently diabetic condition 
has been established and the injections have ceased. This has led some 
writers to state that ketonuria is lacking in this type of diabetic condition 
[cf. Dodds, 1939]. However, figures were published in 1938 showing that 
when pituitary-diabetic dogs received a raw meat diet, 1-0-1 3-0 g. of 
‘total acetone’ were excreted each day [Young, 1938a]. In our experience 
the initial very slight ketonuria of the pituitary-diabetic dog may not 
increase for some weeks if these dogs are fed on a liberal mixed diet 
during and after the treatment with pituitary extract. Nevertheless, the 
ketonuria invariably rises when the animals receive a liberal diet consisting 
of raw meat only for some weeks, and does not return to the original low 
level if a restricted mixed diet is again given. In fact a substantial 
ketonuria is generally maintained unless a high-carbohydrate or a high-fat 
diet is given {vide infra). If such antiketonuric foods are replaced by a 
normal mixed or high-protein diet, ketonuria again increases. In his 
classical investigations on the nature of the diabetes which follows extirpa- 
tion of the pancreas, Minkowski [1893] found that the excretion of acetone, 
acetoacetic acid, and ;8-hydroxybutyric acid did not usually follow removal 
of the pancreas. In a large series of depan creatized dogs he observed the 
presence of these substances in the urine of five animals only [loc. cit., 
p. 182] ; two of these animals suffered from severe vomiting, and at post- 
mortem examination were found to have lesions of the gastro-intestinal 
tract. The urine of these two dogs gave a positive test Avith ferric chloride 
towards the end of the first Aveek after the operation. In the other three 
animals the presence of ^-hydroxybutyric acid in the urine Avas not ob- 
served until the pancreatic diabetes Avas of 2-3 Aveeks standing, by AAdiich 
time the animals had become severely emaciated. Our OAvn depancreatized 
dogs were not comparable Avith those of Minkowski, in that our animals 
received insulin therapy for some time after removal of the jiancreas, at 
least until the incision had completely healed. When insulin Avas Avith- 
draAvn, ketonuria at once developed. In a footnote to his paper [loc. cit., 
p. 182] MinkoAVski mentions that traces of acetone are frequently found 
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in the urine of diabetic animals, when acetoacetic acid and j8-hydroxy- 
butyric acid are not found ; in general it seems that only in a very small 
proportion of instances were these two acids found by him, and even in 
those in which they were detected, the amounts were not very great, 
being 4 g. per 24 hours in one case, and 0-5-2 g. in another. It seems, 
therefore, that Minkowski’s depancreatized dogs resembled our pituitary- 
diabetic dogs, in that ketonuria of any severity was found only in those 
cases in which the diabetic condition was of relatively long standing. 
The very slight ketonuria found in our pituitary dogs immediately after 
the permanently diabetic condition had been established, is paralleled by 
Minkowski’s observations with his depancreatized dogs. The similarity, 
under some conditions, of the depancreatized dog and the pituitary- 
diabetic dog, in this respect, might not have been realized if observations 
on our own depancreatized dogs, which had been treated mth insulin 
for some time after pancreatectomy, had alone been considered. 

Another point of general interest that should be mentioned is the fact 
that the intensity of the diabetic condition induced by treatment with 
anterior lobe preparations may differ from one animal to another. This 
has been deduced from the results of metabolic investigations [Young, 
1039a] and from histological observations [Richardson and i’^oung, 1938; 
Richardson, 1939-40]. There is reason to believe that, of the five per- 
manently diabetic dogs on which extensive investigations have so far 
been carried out, two were less intensely diabetic than the others [cf. also 
Campbell and Best, 1938; Dohan and Lukens, 1939]. The results in the 
present paper support the idea that dogs 40 and 50 were less intensely 
diabetic than others of our pituitary-diabetic animals. 

Experwients with high-protein diet^ 

Table IV summarizes representative data for the excretion of glucose 
and ketone bodies by protein-fed diabetic dogs not receiving insulin. In 
most instances results for many experimental periods were obtained, but 
as the publication of these figures would serv^e no purpose other than that 
of confirming the representative results given in Table IV, they are 

omitted. 

OjN quotients f dec. The figures for the corrected D/N quotients for the 
pituitary-diabetic dogs (Table IV) show that substantial differences exi.'^t 
>et\vcen different animals in this respect, the extreme values being 3*09 
or dog 40, and 3*95 for dog 44. Dohan and Lukens [1939] have abo 
o served high quotients for pituitary-diabetic dogs receiving meat. \'ahies 
4-0 and even slightly exceeding this figure ucre obtaineti at 
afferent times witli three of the pituitary-diabetic <iogs, but r.ot uith 
og 40. As indicated by the relatively low D;X quotient aitd al.-o by the 
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somewhat mild ketomiria, tliis dog appeared to be less severely diabetic 
than the other animals in this grouj). The high D/N quotient of 3-95 
observed in the ease of dog 44 deserves some consideration. If a .D/N 
quotient of S-Go indicates the maximum amount of sugar which can be 
formed from the protein [cf. Lusk, 1928], the remaining 0-3 sugar per g. 
nitrogen must come from other sources. Over the total period of 43 days, 
this excess of sugar eliminated amounts to 294 g. It cannot arise from the 
preformed carbohydrate in the diet, since this has already been allowed 
for, and the total amount of fat in the diet would provide only 110 g. of 
glycerol for conversion into sugar. The remaining 184 g. must therefore 

Table IV. Average data relating to diabetic dogs untreated ivith insulin 

Initial Botly- 

Glucoso D/X (Cor- Ketone body- \\ eight 


Coiulilioii 

No. 

Biot 

1*0 riod 

Urino vol. 

o.vcrotion 

roc tod) 

iwcrotion 

weight 

change 


28 

Moat 

^voolis 

5 

c.e./day 

1550 

91-8 

3-10 

g.;day 

0-70 

10*2 

kg./.lay 

000 

diabctic 

‘10 

Meat 

(> 

1450 

89-2 

3-09 

0-23 

8-3 

000 


•11 

Moat 

G 

2950 

95-5 

3-95 

5-01 

8-3 

000 


•14 

Toronto* 

o 

39G5 

132G 

3-71 

G-73 

8-1 

+ 002 


50 

iNIeat 

12 

IGOO 

910 

3-45 

1-80 

8-2 

000 


50 

‘Toronto* 

o 

1950 

100-9 

3*1G 

1-5G 

7-2 

-002 


51 

Moat 

7 

2750 

102-9 

3-G9 

4-03 

7*2 

000 

Dcpan- 

GO 

Kaw incat-H 

— 

1550 

SG-l 

3-50 

0-15 

10-4 

-012 

crcatizcd 

CO 

liqiior j}an‘ 
creaticus 
Kaw meat 


2000 

91-2 

3-47 

2-9G 

8-9 

-OOT 


GO 

‘Toronto* 

— 

2380 

S7’G 

2-91 

4-09 

8-4 

-013 


G9 

‘Toronto* 

— 

2000 

102-3 

3-10 

2G5 

7*5 

-0-28 


71 

‘Toronto* 

— 

2400 

125-1 

3-37 

4-31 

9-2 

-O-IO 


come either from the tissues, fronx fatty acid, or from protein, and in the 
latter case the assumed maximal quotient of 3-G5 must be incorrect. If 
the sugar arose from the mobilization of tissue glycogen, it would necessi- 
tate the presence initially of this substance to the extent of at least 2-0% 
of the total body-weight. 

Rather unexpectedly the depancreatized dogs also exhibited D/N 
quotients of the same order as those for the pituitary-diabetic dogs, these 
values being definitely higher than the classical figure of 2-8, deduced by 
Minkowski [1893] from the results of his experiments in which depancreat- 
ized dogs were fed on meat. However, as Macleod [1928] and others have 
observed, the D/N quotient varies with the general condition of the 
animal, higher values being obtained with well-nourished dogs. Moreover, 
as Soskin [1940] has recently pointed out, the figures for the sugar and 
nitrogen excretion of depancreatized dogs, which Minkowski employed to 
establish the D/N quotient of 2-8 for meat-fed depancreatized dogs, were 
chosen quite arbitrarily; the actual values varied considerably with the 
general condition of the animal. Our depancreatized animals were in good 
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condition at the time when insulin was withdrawn and had suffered no 
great emaciation at the time the tests were made, and it is not therefore 
surprising that D/N quotients higher than the value of Minkowski were 
regularly observed. On the whole the D /N quotients for the depancreatized 
dogs fell slightly below those for the pituitary-diabetic animals, although 
in view of the variation from animal to animal it would be umvise to 
assume that any highly significant difference existed in this respect. It is 
of interest to recall that Langfeldt [1920] found D/N quotients greater 
than the Minkowsld value, with meat-fed dogs which had been made 
diabetic by partial extirpation of the pancreas. These animals were only 
slightly or not at all diabetic immediately after the operation, and were 
able to survive for some time in good condition ; later, however, when the 
diabetic condition developed or became exacerbated, the D/N quotient 
on a meat diet rose to values well above 3*0. It is therefore possible that 
such high D/N quotients are met only when the diabetic animal has 
remained for some time in a reasonably good state of health, in spite of 
the diabetic condition, and its tissues have thus become accustomed to 
the abnormal metabolic conditions [cf. Petren, 1924]. Our pituitary- 
diabetic dogs possess, in common with Langfeldt’s partially depancreatized 
dogs, ability to survive in good condition in spite of being diabetic for a 
loug time ; our depancreatized dogs differ from those of Minkowski and 
resemble more the dogs used by Langfeldt in being maintained by insulin 
therapy in a mildly diabetic condition for some time after operation, the 
inore intensely diabetic condition being allowed to develop only after 
some weeks. 

The ketonuria of the pituitary-diabetic dogs varied from time to time 
and from animal to animal, and, in general, did not obviously differ from 
that of depancreatized dogs on a similar high-protein diet. 

The most striking difference between the two groups of dogs was seen 
in the changes in body-weight on the meat diet. While the pituitar^'- 
diabetic dogs were able to maintain body-weight on a high-protcin diet 
iind to live in good condition for many months without insulin theraj)y, 
provided that sufficient food was given, the depancreatized dogs invariably 
*ost body-weight rapidly and died within 1-3 weeks, unless insulin theraj)}* 
renewed. The figures for body -weight change given in Table iV 
dhistratc this difference between the two groups. 

^ugar tolerance and insulin When .’jO g. (jf ghuu.-e ware 

i^icC.'^ted by a pituitary-diabetic dog which Iiad fasted LS luairs, Mcjar- 
bderance curves of the tyj)e illustrated in Fig. la ^\ere (jbtaine<l. Tiu -e 
similar to those observed with depancreatized dugM under siinil.ir 
coiulitions. 

o units of insulin were admini>tercd >ubciitaneou-*ly lo piruit.iry- 



482 


H. P. MARKS AND F. G. YOUNG 


diabetic dogs which luid remained unfed for 18 liours, a substantial 
response was obtained (Fig. 2), much greater tlian that found with a dog 



Fig. 1. Blood-sugar response when 50 g. of glucose were administered by mouth 

to fasting dogs. 

(а) Curve A. Average response for 5 normal dogs. 

Curve B. Pituitary-diabetic dog *y. 

Curve C. Depancreatized dog CO. 

Curve D. Pituitary-diabetic dog 51, 

The above curves were obtained at a time when the animals hatl been receiving a high-protein diet. 

(б) Curve E. Average response for three pituitary-diabetic dogs which hatl previously been 

receiving a high-protein diet. 

Curve F. Response (or pituitary-diabetic dog 50 at a time when the diet contained a high 
proportion of preformed carbohydrate. 

which Avas receiving pituitary injections during a period of temporary 
diabetes [cf. Benedetto, 1933 ; Young, 1939a]. There is therefore no reason 
to believe that these animals are at all resistant to the immediate hypo- 
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glycaemic effecfc of administered insulin, a conclusion in agreement mth 
the observations of Dohan and Lukens [1939]. 

Recovery of glucose added to the diet. When 50 g. of glucose were added 



Fig. 2. Blood -sugar rcspouso when o units 
of insulin were administered subcutaneously 
to fasting dogs. 

Cunc .V. .Vvcnige for 3 noniul 

Curvo I], Avenge reopuaso for thn-c piLuita.^»-'«ha- 
l-^tic previuosly ix-ceuing a 
diet. 

Curve C. llr,*.po:w; for dv ZAi wi.en tl.c diet hai 
cuiiUijit'd a n cf carlx/- 

hydrulo. 

Cun*c I). 1 £/•.<. {K.riS^ for dt ^ • f af:<-r .tveii ;r.g a 
f^t da't fur Ij acvVs 

to the food of pituitary-diabetic dogs receiving a meat diet, mocjt of the 
e.vtni :5Ugar was excreted, as indicated by the conr^tancy of ti:e corrected 
quotients [ci. Voung, 103Su]. The results, wliich are .•-uininari.^cd in 
lable \ , varied from time to time, but on the average of the 
iiO g. of glucose was recovered ;is extra sug.ir in il.e un'jie. 
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Respiratory quotient and metabolic rate. The respiratory quotient (R.Q.) 
of short-fasting pituitary-diabetic dogs on a meat regime was significantly 
below that of normal dogs under similar conditions (Table VI), and slightly 
higher than that of depancreatized animals, though in this case the dif- 

Table V. Excretion of extra glucose by pituitary-diabetic dogs ivhen 
50 g. of glucose are added to a high-prolein diet 





jMiniinuin 

^lean 



Number of 

amount 

amount 

Dog 

Diofc 

observations 

excreted 

excreted 

44 

Raw meat 

4 

0/ 

/o 

73 

0/ 

/o 

8G 

44 

Raw meat 

o 

72 

8G 

50 

Raw meat 

9 

72 

89 

50 

‘Toronto’ 

1 

— 

100 

51 

Raw meat 

1 

85 

9G 


] Vc i gh ted mean =^00% 


ference was not significant. When 50 g. of glucose were ingested after a 
short fast, the R.Q. fell rather than rose, although the fall was not of 
significance on the basis of our limited number of observations ; there was, 
in any case, no rise. 

The figure obtained for the metabolic rate of normal dogs under the con- 
ditions of our experiments (Table VI) was about twice the generally 

Table VI. Respiratory data for diabetic dogs 

Normal clogs Pituitary-diabetic clogs Depancreatized tiogs 



No. of 


No. of 


No. of 



observa- 


observa- 


estima- 



tions 

Mean value 

tions 

Mean value 

tions 

^fean value 

R.Q. 

30 

0-755±0010» 

25 

0-700±0012 

6 

0’G78±0017 

Rise of R.Q. after 

20 

0‘120±0020 

9 

-0 033 ±0017 

6 

OOOOiOOlO 

50 g. glucose 
Metabolic rate 

9 

1406±G0 

9 

1503 (a) 

G 

1700±45 

(Cal./sq. metre/ 



G 

1712 (6) 



day) 



4 

1574 (c) 






19 

15S0±76 id) 




{The dogs were previously receiving a meat diet without insulin, but fasted 18 hours before each experiment) 
* Standard deviation of the mean. 


(а) Observations on dog 44. 

(б) „ „ 50. 

(c) ,, ,, 51. 

(d) Log. mean of observations on pituitary-diabetic clogs. 

accepted basal metabolic rate for dogs [cf. Kunde and Steinhaus, 1926]. 
The metabolic rate of the pituitary-diabetic dogs, determined under 
similar conditions, was about 12% greater than that of the normal animals, 
though the difference is barely significant on the basis of the recorded 
number of observations. As was to be expected [Hedon, 1927] the meta- 
bolic rate of the depancreatized dogs was, on the other hand, substantially 
above normal, being over 20% greater than that of the control dogs, the 
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difference having a high statistical significance in this instance. Hedon 
and Loubatieres [1939] have recently found that the basal metabolic rate 
of a pituitary-diabetic dog was, unlike that of depancreatized dogs, not 
increased above normal, and although we did find on the average a slight 
rise for the metabolic rate of our pituitary-diabetic dogs, the rise was 
nevertheless smaller than that observed for the depancreatized animals. 

Insulin requirement. Table VII summarizes the results from experiments 
in which pituitary- diabetic and depancreatized dogs were given two daily 
injections of insulin immediately before food. The food in these experi- 
ments consisted of the mixture of raw meat, raw pancreas, and glucose in 
the proportion of 10 : 5 : 1, designated as the ‘Toronto’ diet. 

In Table VII figures are given for the number of grammes of glucose 
retained for each unit of insulin administered, in different experiments. The 
calculation of the amount of glucose retained is based on the average nitro- 
gen excretion during the experimental period and thus allows for the slight 
variations in the protein intake during the course of the period. It will be 
seen from the table that the number of grammes of glucose retained per 
unit of insulin administered did not significantly alter with slight changes 
in body-weight. 

From the data in Table VII it appears that dog 44 required more insulin 
to control glycosuria than did any of the depancreatized dogs we have 
examined. When a total of 800 g. of food was given daily to this pituitary- 
diabetic animal, 60 units of insulin were required to control the glycosuria, 
whereas the depancreatized dogs required only 20-30 units per da^’ under 
similar conditions. With the depancreatized dogs, 3*5-6 g. of glucose 
were retained for each unit of insulin injected, whereas only about 2 g. 
of glucose were retained for each unit of insulin administered to pituitary- 
diabetic dog 44. 

When the pancreas was subsequently removed from pituitary-diabetic 
dog 44 the insulin requirement was apparentl 3 ^ slightly diminished, falling 
to about 50 units/day when 800 g. of food were given daily ; concurrently, 
the number of grammes of glucose retained per unit of insulin rose slightly 
to about 2*7. This apparent change in insulin requirement is so slight as to 
cost doubt on its reality, but in those experiments in which SOU g. of food 
were given daily, the results were sufficiently constant to encourage the 
belief that a small but significant diminution in insulin requirement had 
resulted from pancreatectomy in this instance. On the other hand, the 
results of those experiments in which pituitary-diabetic dog 44 reieivt-d 
610 g. of food each day did not provide s^itisfactory supj>ort to the idea 
that any change in insulin requirement accoin]>anieil the removal of ti.e 
pancix^as, although the failure to demonstrate a diitereiuv may bt* due to 
the tael that the dog w;is much heavier when the insulin requirement 
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determined after pancreatectomy tlmn before the operation ( 1 1 leg. com- 
pared with 7*6 kg.). One can, however, draw no final conclusion as to 
whether or not a significant diminution in insulin rccpiiremcnt was asso- 

Table VII. Insulin renuirement of diabetic dons receivinn meal-t-suqar 

{'Toronto^) diet 

Average 






Averiigo 

Average 

Average 

Initial 

body- 

Number 


Insulin 

sugar 

nitrogen 

sugar 

body- 

weight 

Condition of dog and sox 

Period 

given 

excretion 

excretion 

retention 

weight 

change 







g./unit of 





days 

units/day 

g./day 

g./day 

insulin 


kg./Jay 

(a) 610 of foodjdai/. 
Pituitary-diabetic 

dlo" 

10 

40 

0-7 

14-7 

2*2 

7-0 

+ 003 


50o" 

7 

30 

4-3 

14-8 

3-2 

8-1 

+ 003 

Depancreatized 

009 

7 

25 

00 

14-7 

4*1 

11-0 

+0 02 


C5o" 

7 

30 

trace 

10-0 

3*5 

100 

+001 



24 

25 

4*7 

150 

3*9 

100 

+ 0 01 



35 

20 

33-9 

15-0 

3i 

9*85 

000 


079 

9 

20 

17-2 

15-3 

4-2 

6*3 

+ 003 

Pituitary-diabetic 


8 

•iO 

trace 

lG-2 

20 

11-40 

000 

after subsequent 
pancreatectomy 


24 

35 

20*2 

10*7 

2-3 

11*05 

000 

(6) SOO (f. of foodjdai/. 
Pituitary-diabetic 

44o" 

10 

GO 

110 

19-4 

1-9 

10*8 

000 



18 

GO 

5-2 

18-9 

20 

9*4 

+ 001 



10 

50 

23*7 

18-7 

20 

9*9 

+ 000 


50^ 

10 

40 

5-4 

18-5 

2-9 

8-1 

+ 003 



8 

25 

21*1 

18-1 

3-9 

7-5 

+ 00C 

Depancreatized 

G09 

10 

20 

4-2 

19-8 

0-3 

10*9 

+ 003 



8 

20 

5'G 

19*2 

0-1 

8*0 

+ 0-10 


05 cJ 

10 

30 

17*7 

18*8 

3-0 

9*2 

+ 007 



10 

25 

25-1 

IS'9 

40 

8*85 

+ 002 


079 

10 

25 

9-9 

18-7 

4-0 

0*7 

+ 003 


09^ 

8 

25 

100 

19-3 

40 

7*8 

+ 002 


70<? 

11 

30 

8*4 

17-S 

38 

8-3 

+ 003 



7 

25 

19-8 

18-0 

4-2 

7*5 

+ 0-10 


71c? 

10 

30 

9-5 

18-0 

3-9 

9*0 

+002 



9 

30 

100 

17*5 

3-7 

10*2 

+ 007 

Pituitary-diabetic 

44c? 

11 

50 

trace 

19*3 

2-0 

11*05 

0*0t> 

after subsequent 


7 

50 

15-2 

21-0 

2-4 

12*65 

0*00 

pancreatectomy 


14 

30 

387 

19-3 

2-9 

10-5 

-b0*03 



8 

30 

45-7 

19-0 

2-8 

9*8 

4-0*10 


ciated with pancreatectomy in this case, but it is certain that the insulin 
requirement of pituitary -diabetic dog 44 did not fall to that of the normal 
depancreatized dogs, as the result of removal of the pancreas. Above all, 
it is clear that the insulin requirement of dog 44 did not increase as the 
result of pancreatectomy. 
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Table VIII illustrates the difference between the responses to a small 
dose of insulin of depancreatized dogs and of pituitary-diabetic dogs. The 
daily administration of 10 units of insulin to dog 44 resulted in only a slight 
diminution in D/N quotient, although the ketonuria was reduced to about 
one-twentieth of its former value. When a similar dose of insulin w’as 
given each day to depancreatized dog 70, the D/N quotient was reduced 
to about one-half its previous value, while a similar result followed the 
administration of only 5 units to another depancreatized animal — dog 71. 
In the latter instance the ketonuria was reduced to about one-hundredth 
of its former value. These results show that the glycosuria and ketonuria 

Table VIII. Influence of small doses of insulin on glycosuria of male 
dogs receiving 800 g. of 'Toronto^ diet each day 


Tjrpe of 


Insulin 

Sugar 

D/N 

Ketone 

Initial 

body- 

Body- 

weight 

dog 

Number 

given 

e.xcretion 

Corrected 

excretion 

weight 

change 

Pituitary- 

44 

units/day 

0 

g./day 

132*6 

3*71 

g*/day 

6*72 

kg- 
s' 1 

kg./day 
-f 0*02 

diabetic 


10 

113*6 

3*04 

0*34 

9*5 

-fOOl 

Depan- 

70 

5 

91*3 

2*49 

008 

8*6 

-0*01 

creatized 


10 

90*7 

1*76 

0*03 

8*5 

+ 0*01 


71 

0 

125*1 

3*37 

4*34 

9*2 

-0*11 



5 

94*6 

1*76 

0*05 

10*4 

-007 


(Average results for periods of 1-2 weeks.) 

of the depancreatized dog are more susceptible to control by the daily 
administration of a small dose of insulin than are the excretion of sugar 
and ketones by pituitary-diabetic dog 44. 

The results of F. N. Allan [1924] indicate that when different doses of 
insulin are administered daily to depancreatized dogs receiving a constant 
amount of food each day, a plot of the logarithm of the number of g. of 
glucose retained each day against the logarithm of the number of units of 
insulin administered should give a straight line. We have found this to 
be so for a fairly wide range of insulin doses, not only with depancreatized 
dogs (cf. curve B, Fig. 3), but also with pituitar^^-diabetic dogs (curves A 
and D). Curve C in Fig. 3 is based on data from pituitary-diabetic dog 4-1, 
obtained after removal of the pancreas from this animal. The slope and 
position of the curve for the depancreatized dog (curve B) in Fig. 3 are 
both similar to those of curves for others of our dej)ancrcatizcd, but 
otherwise normal, animals, which we have examined in this re.-^pect. but 
are quite different for those plotted for the data for depancreatized (lo;:s 
given by Allan [1924]. This difference is not surprising in view of tiic 
differences in type of food and general conditions of the t**\o different 
investigations, but it should be pointed out that our de]>ancrc.iti/ed di>gs 
apparently re(juired sab.-^tantially more in>ulin t!:an thi-.-c of f.r 
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tlio control of glycosuria. Allan’s animals received a raw meat-f-sucrose 
diet, which did not contain raw pancreas. 

The fact that the curves relating to pituitary-diabetic dogs all lie to the 
right of that for the depancreatized animal in Fig. 3 indicates that the 
pituitary-diabetic animals required more insulin for equivalent controls 



Fig. 3. Curves illustrating tlio straight lino relationship existing botwcon 
tho log. of a close of insulin administorocl to diabetic dogs, and the log. of the 
glucose retained. 

Curve A. Pituitary-diabetic dog 4*1. 

Curve B. Depancreatized dog 70. 

Curve C. Pituitary-diabetic dog 44 after removal of tho j)ancroas. 

Curve D, Pituitary-diabetic dog 40. 

of glycosuria, at all levels of insulin therapy. It should be mentioned that 
curve D relates to a period when dog 40 was receiving a diet of raw meat 
without pancreas or added sugar, and is therefore not directly comparable 
Avith the other curves in Fig. 3, for Avhich the animals received ‘Toronto’ diet. 

The results discussed in this section shoAv that, in soiAie instances at 
least, the pituitary-diabetic dog requires more insulin for the control of 
glycosuria than does the depancreatized dog; a similar observation has 
recently been recorded by Campbell, Keenan, and Best [1939]. Neverthe- 
less, as has already been stressed [Young, 1937; 193S«, b; 1939 a, b], the 
pituitary-diabetic dog is able to survive in good condition, and Avithout 
marked loss of body-Aveight, if sufficient food is given, in the absence of 
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insulin therapy ; Loubatieres [1939 a, 6] has recently made similar observ^a- 
tions on a dog made permanently diabetic by treatment TOth anterior 
lobe extract. In spite of the fact that the pituitary’diabetic dog is able 
to survive without insulin-treatment, if insulin therapy is instituted and 
then suddenly withdra^vn the aniir\al may develop a condition resembling 
diabetic coma and die. If, however, the insulin dosage is slowly diminished, 
so that complete withdrawal is spread over many days, tlie pituitary- 
diabetic dog win survive in good condition, according to our experience. 

Table IX. Influence of high-carbohydrate diet on pituitary-diabetic 
dogs not receiving insulin 
.2 

5? % of 

o %ofpre- total 







formed 

available 






Carbo- 

■i s -- 

carbo- 

carbo- 

Initial 

Body- 

Sugar 

Nitrogen 

Ketone 

hydrate 

'2-1 

c3 } 

hydrate 

bi'drate 

bod}'- 

u eight 

Dog Period excretion excretion 

excretion 

in food 

o 1 

excreted 

excreted 

weight 

change 

days g./day 

g./day 

g./day 

g./day 





kg./day 

(tf) Biscuit only. 

40 22 139 

8-45 

0-15 

149 

2-8 

93 

77 

c-co 

-oa5 

4^1 11 168 

8-8 

0-41 

192 

3-5 

93 

SI 

7-15 

-OOl 

50 17 183 

5-7 

0-29 

181 

50 

101 

91 

7*55 

-oos 

50 5 127 

5-8 

0-57 

120 

3-3 

lOG 

90 

7-85 

-000 





Mean 

00-5 

S5’5 


-000 

(b) Biscuit-\- meat. 

28 14 149 

27-5 

0-75 

CO 

0-35 

250 

91 

IMO 

0 

40 10 118 

15-7 

0-24 

97 

0-99 

122 

77 

7-05 

-002 

41 9 43 

8-8 

OGO 

30 

0'5-5 

143 

70 

5-0.5 

-fOOl 


(The figures given are the average daily results for the cxijerimental period in question.) 

whereas the depan creatized dog eventuall}^ dies unless therapy is again 
instituted [see Fig. 4 in Young, 1939 a]. 

Experiments icith high-carbohydrate diet 
Table IX summarizes the results of typical ex])eriments in wliich 
pituitary-diabetic dogs received food containing a high proportion of 
carbohydrate. Two types of high-carbohydrate diet were u:>ed ; one con- 
sisted of dog biscuit alone, the other consisting of dog biscuit together with 
raw meat. 

When dog biscuit alone was given, the whole of tlie jireformed carbo- 
hydrate in the food Avas, on the average, excreted in the urine, but only 
about S5% of the total available carbohydrate of the diet was lo-t in 
this way. TJic ketonuria was low throughout the exj>erimcntal jaTiod in 
all instances, but because of the elimination of mucli coinbiiNtible 
material in the urine, in the form ofgIucu>e, the animals rajndiy body- 
Aveiglit while receiving this food. 

hen ilog biscuit, lc)gether witli raw nic.il, ua> ;jivcn to ti.e-c aiiim.d-. 
a still .smaller proportion of the total pcjtcniial carboiiydrate ir* li.e 
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appeared in the urine. Tliere can be little doubt that these animals are 
able to utilize carbohydrate to some degree when a large proportion of 
preformed carbohydrate is present in the food. No evidence was found 
that sugar tolerance was altered when dog .^0 received a high carbohydrate 
diet (Fig. 1 b), nor was the hypoglycacmic elYeetiveness of u units of in- 
sulin altered by these conditions (Fig. 2). 


Experiments zvith hiyh-fat diet 

Several pituitary-diabetic dogs tolerated a diet of beef suet alone for 
some days, and in one instance for several weeks. The ingestion of such 


Table X. Dogs receiving a high-fat diet {beef suet only) 
{No insulm given) 




Urine 

Glucose 

Nitrogen 


Ketono 

Initial 

body- 

Body- 

weight 

Dog 

Period 

volume 

excretion 

excretion 

Suet eaten 

excretion 

^velglit 

change 


days 

c.c./day 

g./day 

g./day 

g./day 

g.,day 

kg. 

kg./day 

40 

5 

170 

3-5 

1-9 

94 

0-24 

5-90 

-002 

44 

9 

1350 

4-8 

1-8 

40 

0-54 

7*35 

-0-00 

44 

9 

500 

00 

0-9 

44 

000 

0-00 

-003 

60 

3 

1150 

11*5 

3-9 

51 

2-CO 

7-05 

-0-28 

51 

3 

1700 

8-3 

3-9 

183 

3-01 

7-35 

-0*30 

CO X 

4 

230 

9-0 

3-2 

25* 

0-30 

7*80 

-0-14 

(depau- 1 
creatlzed) / 

3 

330 

11-4 

4-5 

25*t 

001 

7*30 

-0-13 


* Fat retained ns indicated by tlie dilTcrence between that ingested and that excreted in the faeces, 
t Together witli 60 g. raw pancreas daily. 


a diet resulted in a prompt diminution of both glycosuria and ketonuria 
(Table X), more than 50% of the glycerol of the fat failing to appear as 
urinary sugar. When 50 g. of glucose were given to dogs receiving this 
high-fat diet only about 45% was lost in the urine. In two experiments 
with dog 40 the loss averaged 40%, while in another instance dog 50 lost 
48% of the added glucose ; in a series of experiments with dog 44 (see 
below), in which varying amounts of glucose were ingested, the loss varied 
between 83 and 22% according to the time for which the animal had 
received the high-fat diet. 

Fig. 4 summarizes the data from an experiment in which dog 44 
received a high-fat diet for nearly 10 weeks ; during this period an average 
of about 45 g. of beef suet was consumed daily. Immediately before the 
period of fat-feeding, dog 44 had received a diet of raw meat and cooked 
liver for some weeks, during which time the glycosuria averaged approxi- 
mately 100 g./day with a D/N quotient of 3-90 and a mean ketonuria of 
4-7 g./day. As shown in Fig. 4, the replacement of the protein food by a 
high-fat diet was followed by a raj)id diminution of glycosuria, which 
disappeared on the 15th day of fat feeding, and by a fall of ketonuria, 
which reached a very low level on the 13th day. As shown in this figure 
the percentage of glucose retained when a test dose was administered 
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orally steadily increased during the period of fat feeding, imtil on the 26th 
day over 75% was retained, this retention being accompanied by a 
rise in R.Q. Subsequently, on the addition of casein to the fat diet, the 
sugar tolerance somewhat declined (Kg. 5). Insulin sensitivity, tested by 


GLUCOSE GIVEH OS, 



'he intravenous injection of 5 units on the 32nd day, was certainly not 
obviously diminished as the result of fat-feeding (Fig. 2). 

As a substantial kctonuria had been observed when dog -M WkLs receiving 
a high-protein diet, it was expected that the addition of c.u-ein to the fat 
Would result in a definite rise in ketone excretion, hut this ex]>ectatic»n 
was not realized [cf. Young, 1U3S^>], as neither the daily addition of In l*. 
^f casein, nor the addition of double this amount, resulted in any inf-na-v 
iu the excretion of ketones. In fact, the excretion decro.iM-d -om.-wh.it 
liable XI). It should be mentioned that it was jK)-..Mh!e to t 
riie>e .small amounts of ketone with accuracy by tlie gravimetric u.t-l, 
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owing to the small volume of urine excreted by the animal during this period, 
50 g. of raw horse meat were found to contain, in our experiments, about 
as much nitrogen as 10 g. of casein, and therefore presumably to contain 
somewhat less protein, since non-protein nitrogenous extractives would be 
present. When the supplement of casein was replaced by one of 50 g. of 



Fig. 5. Sugar-toloranco curves on dog 44 during a 
period of liigh-fat diet. 

Curve A, Response to oral administration of 18 g. of glucose on 
the 26th day of fat feeding. 

Curve E. Response to> the saiue dose of glucose after a further 14 
days, during which a daily supplement of 10-20 g. of 
casein was added to the diet of fat. 

this raw meat, the ketonuria at once rose to an average level which was 
more than 25 times that observed when 20 g. of casein had been fed (Table 
XI). This result was surprising in view of the fact that this amount of 
raw meat contained only one-half the amount of protein in 20 g. of casein. 
Subsequently the supplement of raw meat was replaced by one of meat 
from which as much aqueous-soluble material as possible had been removed 
by repeated hot-Avater extraction. When a supplement of this residue was 
fed in amount equivalent to 100 g. of raw meat each day, the ketonmia 
fell to about one-fourth of the value it had reached on the supplement of 
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50 g. of raw meat, but when the supplement of extracted meat was replaced 
by a concentrate of the hot aqueous extract of raw meat, equivalent to 
100 g. of raw meat each day, the ketonuria again rose, in this instance 
to twice the average value which had been observed during the period 
when the extracted meat had been fed. These observations suggest that 
a water-soluble constituent of raw flesh may be concerned in the aetiology 
of ketonuria, and that such a substance is not present in casein. It should 
be noted that there is no obvious relationship between glycosuria and keto- 
nuria to be observed from the data in Table XI. In particular it was found 

Table XI. Data relating to dog 44 during a period of high-fat diet 


Period 
(Initial 
and final 

Average 

body- 

weight 

during 

Supplement added 

Xitrogen 
content of 
daily sup- 

Average Average 
glucose nitrogen 
excre- excre- 


Average 

ketone 


day) 

period 

kg. 

daily to fat 

plement 

tiOD 

g./tlay 

tion 

g./day 

D/X 

excretion 

g./day 

Remarks 

6-14 

7-00 

0 

— 

4-8 

1*8 

2*07 

0*54 

— 

15-25 

6-50 

0 

— 

0*0 

0*0 


0*06 

Days 18 Jc 19 
omitted 

27-35 

6*25 

10 g. casein 

1-0 g. 

00 

I'l 

— 

0*06 

Day 32 omitted 

36-44 

600 

20 g. casein 

3-2 g. 

3*0 

1-0 

1*88 

0*02 

Day 40 omitted 

47-57 

600 

50 g. raw meat 

1*6 g. 

4*7 

2*7 

1-74 

0*53 

— 

58-63 

5-75 

Extracted residue 
equivalent to 100 
g. raw meat 

2*7 g. 

3*7 

2*4 

1-54 

0*13 


64-68 

5'75 

Extract equiva- 
lent to 100 g. 
raw meat 

0-45 g. 

0-3 

1*2 

0*25 

0*23 



that, when the extract was substituted for the extracted meat, the glyco- 
suria decreased while the ketonuria simultaneously increased. Dog 44*s 
daily fat intake was approximately constant during these experimental 
periods, at about 45 g. of beef suet each day. 

A few words may be said about the significance of the results in Table XI 
with respect to nitrogen metabolism. From the 15th to the 25th day of 
fat-feeding dog 44 excreted an average of 0*9 g. of nitrogen in his urine 
each day, which was equivalent to 0*14 g./kg. body-weight. This figure, 
which may be taken as indicative of the basal nitrogen metabolism of 
this dog, is, as expected, significantly lower than the value of 0*23 g./kg. 
body-weight observed by Howe, Mattill, and Hawk [1912] for a dog which 
had fasted for over IG weeks. The addition of 10 g. of ca:?ein to the diiily 
food of dog 44 resulted in a rise of average nitrogen exereiion of only 
0*03 g./kg., which is hardly significant, despite the fact that 0-2G g. of 
nitrogen per kg. body-weight had thus been added to the foo{l cacli day. 
When twice this amount of nitrogenous food was added in the form of 
ca.sein, the nitrogen excretion rose to a figure whicJi was >tiil only 0*13 
g./kg. above the b;\sal level. We see, therefore, that when lo g. of c.;.-cin 
were added to the food — an amount of protein containing .-ufrKicni 
nitrogen to j)rovide an excess of more than over ilic ba-al !u .■> in 
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the urine — only about 12% of the added nitrogen was lost in the urine; 
that is, nearly 90% was apparently retained in the body. It is clear that 
casein possessed a high ‘biological value’ in these experiments. When 
the amount of casein added daily was doubled, still only a small fraction 
of the nitrogen in this extra amount of protein was excreted in the urine. 

When the daily protein supplement consisted of 50 g. of raw horse 
flesh, containing 0-27 g. of nitrogen per kg. body-weight, the urinary 
nitrogen excretion above the basal level amounted to Ovfl g./kg., so that 
little of the nitrogen in the raw meat appeared to bo retained in this 

Table XII. Data relating to Jading diabetic dogs 
{Mean values for 1st and 2nd days of fasting) 

1st Day L‘iul Day 


Dog 

3 

o 

'O 

3 

o 

a 

o 

a 'z: 

t/j S ^ ^ 

. - <3 ci n 

P W y tb 

H) y 

^ tb 

3 

D 

o 

i- r; X 
•■3 d ^ 

3 >1 ^ 
Ui a to 

^3 

h ^ 

ib 

o .2 

X y 

cb 

28 

Meat 

1 

2G'5 

— 


0-277 

1 

22-3 

— 

— — 

0-219 

•11 

Meat 

5 

23-2 

7-3 

2-97 D21 

0-2 GO 

2 

19-6 

G*9 

2-82 O-U 

0-28G 

•11 

‘Toronto* 

3 

32-G 

8^1 

3-88 3-00 

— 

2 

9-7 

3-3 

2-91 1-21 

— 

60 

Meat 

2 

8*0 

1-9 

1-76 0-39 

0-269 

2 

8-0 

1-7 

1-70 0-19 

0-222 

60 

‘Toronto* 

1 

0-2 

1-2 

2-19 -Ml 

— 

— 

— 

— 

— — 

— 

61 

Meat 

1 

31-G 

10‘G 

2-98 1-20 

O-lOl 

3 

12-1 

-1-9 

2-63 0-S5 

0-327 

GO 

Meat 

1 

28-2 

10-1 

2*71 2-12 

— 







— — 

— 

(depaucreatized) 

i> 

'Toronto* 

o 

23-2 

7-1 

3-25 1-86 









^ — 

— 

Normal dogs 

Meat 

S 

0 

6-9 

— 0 

0-081 

G 

0 

3-9 

— 0 

0-083 


(approx. 10 kg.) 


experiment. Later, when the raw meat was replaced by thoroughly 
extracted meat-protein residue containing 0-47 g. of nitrogen per kg. 
body-weight, the nitrogen excretion above the basal level Avas 0-2S g./kg., 
so that a substantial retention of nitrogen appeared to be taking place 
in this instance. 

Blood-sugar level 

The highest blood-sugar value Ave have observed for any of our pituitary- 
diabetic dogs Avas just under 0-900% for dog 51. When the pituitary- 
diabetic animals Avere receiving a high-protein diet the blood-sugar varied 
betAveen 0-300 and 0-450%, values more nearly approaching the latter 
figure usually being observed. Dog 40, Avliich, as has already been pointed 
out, seemed to be someAvhat less severely diabetic than the other pituitary- 
diabetic animals, nevertheless exhibited a Avell-sustained hyperglycaemia, 
the highest and loAvest values (high-protein diet) being 0-382% and 0-328% 
respectively. As already noted, the blood-sugar IcA^el Avas high AAdien a 
high-carbohydrate diet Avas given, but diminished AAdien the animals Avere 
ingesting pure fat. 

As will be seen from Table XII, the high blood-sugar level of the 
pituitary-diabetic dogs Avas Avell maintained during a short fast. 
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The injlitence of fasting on the metabolism 

No experiments were carried out in which the nitrogen metabolism of 
our dogs was brought to a basal level by prolonged fasting. Table XII 
summarizes the results of fasting for 48 hours, at the end of which time 
there is no reason to expect that the nitrogen excretion had reached the 
low level it would attain on more prolonged fasting. It will be seen that 
on the 2nd day of fasting the D/N quotient had fallen to a figure close to 
the classical Minkowski value of 2*8, except in the case of dog 50, where 
it fell to a much lower value, even on the first day of fasting. The h^^per- 
glycaemia was well maintained during the fasting period. 

Insulin-content of the jpancreas of pituitary-diabetic dogs, Campbell and 
Best [1938] found that the insulin-content of the pancreas of one pituitary- 
diabetic dog was less than 2 units, and similar observations were reported 
by Campbell et al. [1939]. We found that the pancreas of pituitar\^- 
diabetic dog 44 contained a total of about 2-5 units of insulin, compared 
with an average value of 76 units for the pancreas of nine normal dogs 
of approximately the same weight. 

The nature of the diabetes 

If the maintenance of the diabetic state in our dogs were due to over- 
action of the anterior pituitary lobe, one would expect a relative insensi- 
tivity to the action of insulin of the type observed in some cases of clinical 
diabetes. However, no obvious insensitivit}^ to the hypoglycaeinic action 
of a test dose of insulin was observed, such as is found in dogs which are 
exhibiting a temporary state of diabetes maintained by the daily injection 
of anterior lobe extract [cf. Benedetto, 1933; Young. 1039r/]. De Wcs.-clow 
and Griffiths [1936] observed that the plasma from certain types of 
patient with clinical diabetes possessed an action similar in some respects 
to that of anterior pituitary extract, in that the administration of such 
plasma to young rabbits induced, under suitable conditions, a relative 
insensitivity to the hypoglycaeinic action of injected insulin. Altlmugh 
‘"^oine investigators have been unable to confirm these finding>. Glen and 
Baton [1938] observed a ver}' striking case of insulin-resistant clinical 
diabetes in which such an action of the scrum was clearly demon.>tral>Ic. 
Cogent arguments have been adduced for the assumption that .•'Uch ca>c\>. 
of diabetes are associated with overaction of the anterior j'ituitary lobe. 
We have been unable to demonstrate any elTect of this type uith -ennn 
from our pituitary-diabetic dogs. 

Himsworth [1936] has divided h uman diabetic patients into tv. o i 
*~-msulin-sen>itive and in.‘>ulin-in^en>itive — on the ba-i^ of rc-nlt- of 
tests in which first glucose alone and later i:hu(,>-t* -aith iii-nhn v. t 
•'tdminirstered to the fasting ])aiicnt. When ghuo'C \utii 

Kk 



49G 


II. P. MAIiKS AND F. 0. YOUNG 


administered to the insulin-sensitive group the liyperglycaeinia was very 
much less tlian when glucose alone was given, hut with the insulin- 
insensitive patients little or no depression of the glucose liyperglycaeinia 
resulted from the simultaneous administration of insulin. In an experi- 
ment of this type with dog 44 we obtained the results illustrated in Fig. 6. 
Professor Himsworth kindly examined these results for us and stated 
that the curves in Fig. G {b) demonstrate a normal insulin-sensitivity, 'and 
that those in Fig. G {a) might be ex])ectcd under conditions where the 
glycosuria was uncontrolled by insulin. 



30 60 90 120 30 60 90 120 

TIME IN MINUTES 


Fia. 0. Curves illustrating the results of Himsworth tests for insuHii- 
insonsitivity on pituitary-diabetic dog 4*1. 

(a) During a period when tho animal was not otherwise receiving insulin. 

(b) During a period Avhen the glycosuria had been controlled by daily treatment with 

insulin. 

Curves A. Response to IG g. of orally administered glucose. 

Curves B. Response to the oral administration of IG g. of glucose, together with 2*5 
units of insulin injected subcutaneously. 

AU these results suggest that the maintenance of the diabetic condition 
in our animals is not the result of continued overactivity of the anterior 
pituitary gland, for a hyperpituitary-diahetes, of wliich we may assume 
the type obtained during the daily injections of pituitary extract is an 
example, would presumably be associated with a relative insensitivity 
to the hypoglycaemic action of insulin. Histological examination of the 
pituitary gland of permanently diabetic dogs [Richardson and Young, 
1938] has revealed no obvious clianges, such as might be expected to 
accompany continued overactivity of this organ. 
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The changes in the islets of Langerhans of the pancreas may be respon- 
sible for the maintenance of the diabetic condition, but these changes 
are apparently not capable of explaining all the observed facts— such as 
the ability of these dogs to live in good condition ^vithout insulin therapy, 
while maintaining extremely high D/N quotients, and the excessive amount 
of insulin required to control glycosuria in some of these dogs. 

Discijssiox 

The results of this investigation have revealed both similarities and 
differences between the diabetic condition of pituitary-diabetic dogs and 
that of depancreatized dogs. The most striking difference is the ability 
of the pituitary-diabetic animals to survive, in good condition and mthout 
any great loss of body-weight, in the complete absence of insulin therap3^ 
The intensity of the diabetes of the pituitary-diabetic animal varies from 
dog to dog, but ability to survive Avithout insulin has been observed 
initially in aU cases, although later, if the body -weight is much reduced, as 
by prolonged fat or carbohydrate feeding, insulin may be required to 
enable the animal to regain its original weight. Whether or not one of 
these severely diabetic dogs could survive many years without the institu- 
tion of insulin therapy, if an ample mixed diet were given and enervating 
experimental conditions were not imposed, has not yet been determined, 
as aU our dogs have been subjected to a variety of experimental conditions. 
It is clear, however, that survival of untreated pituitary-diabetic dogs 
cannot be expected unless ample supplies of utilizable food are given, so 
that the metabolic requirements of the animal are covered by the oxidation 
of that portion of the foodstuffs which escapes conversion into urinary 
glucose and ketones. 

Differences of a less striking character have been observed in respect 
of the D/N quotients in animals maintained on a high-protein diet, and 
in respect of the amount of insulin required to control glycosuria. Tiiese 
two points will be discussed under separate headings. 

The DjN quotient in protein-fed animaU 

As has already been pointed out, the classical D/N quotient of 2-S con- 
sidered by Minkowski [1S93] to hold for completely depancreatized dogs 
receiving varying amounts of meat is based on a somewhat insecure 
foundation. However, in a very recent carefully controlled invc>iigation, 
Gray, Ivy, and Cuthbert [1939] observed D/N quotients ol 2-SS fur futing 
depancreatized dogs and 2*S1 for depancreatized dogs inze,-tinir ca.-ein. 
D/N quotients higher than 2*8 for completely depaiureati/A<i i;ave 
previously been recorded. Thus Falta, Grote, and ^’tachelin ob- 

i^e^vcd an average value of 3*27, while Macleoil [1920, 192''] ^nd Lit 
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pupils Juivo IVcquenfcly observed values above that of Minkowski. Sand- 
meyer [1S95J, Plliiger [1905], and others have observed low values in 
a mildly diabetic condition following partial pancreatectomy, but Lang- 
fcldt [1920] observed (piotients above .'bO in partially depancrcatized 
dogs in which a slowly developed but severely diabetic condition had been 
produced. The values above .'bO which wo have observed with both 
depancrcatized ami pituitary-diabetic dogs receiving a diet of rau' meat 
are therefore not unicpie. It is interesting to note that Mandcl and Lusk 
[1904] and others [see Lusk, 1928, for refs.] have observed a DjN ciuotient 
of 3-G in human diabetes melliius, a value which is also found in phlorid- 
ziuized animals of a number of species [cf. Lusk, 192S]. furthermore, 
i\nnkowski [1893] observed that the administration of phloridzin to depan- 
creatized dogs may result in a rise of D/JS^ quotient to a value similar to 
that found in phloridzinized but otherwise normal dogs. 

Palta [Falta e< aZ. 1907 ; f alta, 1908, 1917] has pointed out the differences 
existing between the condition of the human diabetic patient, with a 
relatively high D/N quotient and only slightly increased endogenous 
nitrogen catabolism, and the condition of the fully depancrcatized dog 
with its lower D/N quotient and greatl}'’ increased protein catabolism [see 
also Muller, 1922; Petren, 1923]. Our results with depancrcatized dogs 
suggest that if the animals arc maintained in good health for some time 
after pancreatectomy with the aid of insulin treatment, a D/N quotient 
above 3-0 is subsequently found when insulin is withdrawn and raw meat 
is fed, and that a similar, possibly slightly liigher value is observed in 
meat-fed pituitary-diabetic dogs. It seems to us that on this score there 
is no obvious difference between the depancrcatized dog, human diabetic 
patient, or pituitary-diabetic dog, when meat is the food. It is possible 
that the higher values for meat-fed depancreatized dogs are found par- 
ticularly when the diabetic condition has existed for some time, and 
Petren [1924] has emphasized the point that a pancreatic diabetes of long 
standing may differ in some respects from a similar but acute condition. 
Thus Petren states [loc. cit., p. 52], in discussing the depancreatized dog, 
‘when the consequence of the insufficiency of the pancreas, i.e., the hyper- 
glycaemia, has continued long enough, this causes the alteration of the 
organism that is very marked in grave diabetes, i.e., the strong sensibility 
to metabolized N, which I have shown to be the cause of the severe 
acidosis. The effect of this sensibility to N is ... to elevate the quotient 
D/N.’ It is certainly true that in our depancreatized dogs AvJiich were 
allowed to survive some weeks before being deprived of insulin, both the 
D/N and the ketonuria were much higher than expected from the results 
of Minkowski [1893] and others, whose animals survived pancreatectomy 
for only a short time. It should be emphasized that our depancreatized 
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dogs did not become fat during the period of recovery from the operation, 
and there is no reason to suspect that the high D/N quotients or the 
substantial ketonuria were due to the presence of excessive deposited fat. 
Again, it should be pointed out that in most of the experiments on our 
depancreatized dogs, food containing a large proportion of raw pancreas 
was given, for there is evidence that the addition of raw pancreas to the 
diet influences the course of glycosuria in depancreatized dogs. Tlius 
Sandmeyer [1895] and others have observed an increase in glycosuria when 
raw pancreas is added to a raw-meat diet, an observation which is ex- 
plicable by increased intestinal absorption, resulting from the addition 
of pancreatic enzymes to the food. On the other hand, Langfeldt [1920] 
found a higher D/N quotient when raw pancreas was added to the diet 
than when boiled pancreas formed the supplement, a result which is 
presumably not accountable merely to altered absorption from the gut. 
We observed no difference in D/N quotient when depancreatized dog GO 
was given raw meat with or without the addition of liquor j^dncreaticus 
(see Table IV). There is no reason to believe that the extensive fatty 
infiltration of the liver observed by Macleod and his colleagues [see 
ilacleod, 1926] to follow the prolonged maintenance with insulin of depan- 
creatized dogs on a diet of raw meat and sugar, occurred in our depan- 
creatized animals, as such a condition is cured or prevented by the addition 
of raw pancreas to the diet. Furthermore, such a condition is associated 
with a diminished, and not an increased, glycosuria and D/N quotient 
[see Best, 1934; cf. Best, Huntsman, and Young, 1935]. 

There is general agreement that the protein catabolism of fasting, com- 
pletely depancreatized dogs is much greater than that of normal fasting 
dogs [cf. Lusk, 1928, for refs.], the increase being much greater than that 
found in human diabetes melUlus [Benedict and Joslin, 1912], In his 
two partially depancreatized dogs, in which a chronic but j^evere diabetes 
had slowly developed, Langfeldt [1920] observed an abnormally high 
nitrogen e.xcretion during fasting, although the increase above normal 
Was much less than that found with completely depancreatized dogs. 
Despite the fact that the results are not certain because of the ^hortne.-s 
of the fasting period, the figures in Table Xll suggest that the breakdown 
of protein during short-fasting in pituitary-diabetic dogs is M^inewhat 
iibove that for normal dogs in our experiments, allliough it is i learly not 
greatly increased as is generally found for depaiureati/ed do^'-. .''’ueh 
an increase in protein catabolism may l)e a,'^,-ociaie<l uiih llie iniTea.*e in 
aietabolic rate (Table \T). Dohan and Liikeiis [1939] found t!;at uith 
Iheir pituitary-diabetic dogs tlie nitrogen excretion during iuo!un:;cd 
*ng was within the range of the normal animal. 

All that we can state definitely al>out the D N (juoiient of uurd* j^duri::.: 
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fasting is that a fall was observed. Whether or not such a pronounced 
fall as was observed by Dohan and Lukens [1939] would bo found on 
more prolonged fasting cannot be determined. 

The insulin-reqairemenl of pituitarij-diabelic dogs 

TJie long series of experiments which liave been carried out on this 
point has shown that the insulin-requirement of pituitary-diabetic dog 44 
is nearly twice tliat of any of the depancreati/.cd dogs examined. There 
is good reason to believe that at least two other pituitary-diabetic dogs 
in our series, viz. dogs 28 and 51, required as much insulin as did dog 44 
for the control of glycosuria ; it is unfortunate, however, tliat no data for 
the insulin-requirements under the ‘Toronto’ diet are available for these 
two animals. 

During the course of these experiments many apparently inexplicable 
variations in the glycosuria of our dogs, pituitary-diabetic or depancreat- 
ized, were observed during periods when the conditions were apparently 
constant. Although some of these variations were later related to the 
rate at which the food was eaten by the dogs, it was obviously necessary 
to obtain average data from a largo number of different experiments in 
order to be certain of the significance of the x'esults. The difficulties 
inherent in the interpretation of the results are illustrated by the data 
regarding the effect of extirpation of the pancreas on the insulin-require- 
ment of pituitary-diabetic dog 44 (Table VII). Although a slight diminu- 
tion in insulin-requirement may actually have taken place, it seems unwise 
to draw a definite conclusion in view of the hardly significant change 
observed when only 640 g. of ‘Toronto’ diet were fed daily, as compared 
with 800 g. in the earlier experiments, although, as already pointed out, 
the difference in body-weight may account for the failure to observe a 
difference in insulin-requirement after pancreatectomy when 640 g. of 
food were given daily. Great caution is clearly required in comparing 
these results with those from other laboratories, and more particularly 
with those from diabetic patients. With patients, the time elapsing 
between insufin-administration and the taking of food, the number of 
doses of insulin given daily, as well as the rate of ingestion of the food, 
will all influence the degree to which sugar is retained, and although it 
would be attractive to speculate on the similarity of the pituitary-diabetic 
dogs to human patients with regard to the amount of glucose retained per 
unit of insulin, it is unwise to do so. 

From our investigations there has emerged no obvious reason to account 
for the greater insulin-requirement of some of the pituitary-diabetic dogs 
as compared with that of the depancreatized animals, nor have histological 
observations thrown light on this matter [Richardson and Young, 1938; 
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Richardson, 1939-40]. Certainly the results of metabolic investigations do 
not preclude the possibility that the existence of the observed islet changes 
account for the permanently diabetic state [Young, 1939 a, b ; Richardson, 
1939-40 ; Dohan and Lukens, 1939]. 

The immediate and substantial hypoglycaemic response to a test dose 
of insulin administered subcutaneously to pituitary-diabetic dogs [Fig. 2; 
cf. also Dohan and Lukens, 1939] shows that these animals cannc t right- 
fully be classed as insulin-resistant, as has been done by some commenta- 
tors [cf. Dodds, 1939] presumably on the basis of the large amount of 
insulin required to control the glycosuria in these animals. It is not 
entirely paradoxical that the hypoglycaemic effectiveness of a test dose 
of insulin administered during fasting is apparently not abnormally low, 
whereas the amount of insulin which must be a dminis tered with food in 
order to control glycosuria may be greater than that necessary in the case 
of the depancreatized dog. The ability of insulin to hold down the blood- 
sugar level when a large amount of relatively slowly absorbed protein 
food is given may not be directly related to the glycaemic response of 
the fasting animal to insulin administered without food. The glucose- 
insulin test devised by Himsworth [1936] may be a closer index of the 
ability of insulin to control glycosuria than is a simple determination of 
insulin hypoglycaemia, and this test indicates that our pituitary-diabetic 
dog 44 is not in Himsworth ’s insulin-insensitive class. It should be pointed 
out that the reality of the division of human diabetic patients into insulin- 
'ensitive and insulin-insensitive classes has been recently questioned [de 
Wesselow and Griffiths, 1938; Klatskin, 1938; Bugert, Nadler, and Stott, 
1939]. 

The fact that pituitary-diabetic dogs are able to survive in good con- 
dition without insulin therapy may possibly be associated with a relatively 
small increase in endogenous nitrogen metabolism. As has been suggested 
[Young, 19396], the death of the depancreatized animals following the 
cessation of opotherapy, in conditions under which the pituitary-diabetic 
dog is able to survive [cf. Young, 1939 a], may be due to a rapid dehydra- 
tion [cf. Gray et aZ,, 1939], The pituitary-diabetic dog is able to withstand 
the change in conditions if the withdrawal of insulin is effected slowly, 
although the abrupt cessation of treatment may prove fatal even in 
animals. 


Oxidation of carbohydrate by pituitary-diabdic days 
Although, on the average, the R.Q. shows no rise after tlie administra- 
tion of a test dose of glucose (Table VI), a small proi)ortion oi the >ugar u 
apparently retained (Table V). More particularly, when a diet containing 
a high proportion of preformed carbohydrate is given, the pituiUiry- 
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diabetic clog rctaiiiocl, and possibly oxidized, nearly 15% of tlic total 
available carbohydrate (Table IX). In spite of tliis, the loss of (.'alorics 
in the urine was so great that the animals lost body-weight rajjidly. At 
one time many investigators would have insisted that as no oxidation of 
carbohydrate could taUe place in the com[)lete absence of insulin, the 
retention of these small amounts of sugar necessarily indicated that .some 
insulin was available in the pancreas of our pituitary-diabetic dogs. While 
we do not wish to a.ssert that no insulin is there available, wc wish to 
emphasize the fact that there is clear evidence of the ability of the com- 
pletel}'’ depancreatized and hypophysectomized dog to oxidize some carbo- 
hydrate [cf. Houssay, 11)3(5; Chambers, Sweet, and Chandler, 1937], 
so that the ability of our dogs to oxidize sugar would not necessarily mean 
that some insulin was available. 

Oxidulion of fill by the •piluitary-diabctic dog 
Our results with fat-feeding (Table X), and in particular the prolonged 
experiment with dog -l-l (Tig. 4 and Table XI), show that our pituitary- 
diabetic animals are able to metabolize a diet of pure fat, in such a manner 
that both glycosuria and ketonuria are much less than when the diet 
contains a high proportion of meat. Although such a result would not be 
exjpected on the basis of the Roscnfeld-ShafYer-Woodyatt theory summed 
up in the aphorism ‘fats burn in the llame of the carbohydrate fire’ (the 
results of insufficient oxidation of carbohydrate being failure of oxidation 
of fatty acids beyond the four-carbon atom stage), it is, nevertheless, 
not surprising in view of the clinical evidence concerning the cUetetic 
treatment of diabetes. As long ago as 1797 Rollo found that the inclusion 
of a high projjortion of animal fat in the diet of diabetic patients was 
advantageous, and the treatment of diabetes meUilus by diets containing 
a high proportion of fat was advocated by F. M. Allen [1915, 1917; 
Allen, Stillman, and Fitz, 1919], by Newburgh and Marsh [1920], and by 
Petren [1923, 1924]. The latter author found [1924, pp. 34 and 35] that 
the administration of a diet containing a very high proportion of fat 
rapidly diminished ketonuria ; in fact, in some cases the ingestion of a 
diet which, according to Shaffer’s calculations [1921], should be strongly 
ketogenic, resulted in a rapid and substantial fall in an existing ketonuria. 
Cases of coma were successfully treated with a high-fat diet, and in grave 
diabetes Petren gave 100-200 g. of butter alone for two or three successive 
days. A number of instances have also been recoi-ded of a diminution in 
glycosuria following the administration of fat to depancreatized [Alohr, 
1906] and jDartially depancreatized dogs [Langfeldt, 1920], and to phlorid- 
zinizeddogs [Schmid, 1905], although Page and Young [1932] found that 
the intravenous administration of phosphatide emulsion to phloridzinized 
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dogs exerted no influence on the sugar excretion. F. M. Allen [1917], who 
has carried out extensive investigations with partially depancreatized 
dogs, believes that ‘fat unbalanced by adequate quantities of other foods 
is a poison’ [loc. cit., p. 352], Dohan and Lukens [1939] have confirmed 
the diminution of glycosuria and ketonuria following the administration 
of fat to pituitary-diabetic dogs. 

The results of our investigations have shown that the ketonuria is at a 
maximum when a meat diet (in particular a raw-meat diet) is given, and 
is lowest with the prolonged feeding of fat. Thus we are led to assume that 
protein-food, or rather meat, is chiefly responsible for the development of 
ketonuria in diabetes. The prolonged experiment with dog 44 (Fig. 4 
and Table XI) suggests that the promoter of ketogenesis is not the protein 
per 56, but some water-soluble constituent of muscle tissue. It is of 
particular interest to find that Petren [1924], on the basis of clinical 
investigations, also believes that protein food has a particular ketonuric 
effect; ‘a pronounced acidosis is regularly diminished through the intake 
of only fat (butter). Furthermore, pure protein feeding has generally 
increased the degree of acidosis’ [loc, cit., p. 37]. Petren finds that the 
administration of a high-fat diet results in diminished gl 3 "cosuria, blood- 
sugar level, and ketonuria, and that the feeding of protein ma}’ increase 
all these values, observations which are in entire agreement with the 
results of our own experiments, with the addition that we find that a pure 
protein, like casein, has little or no influence on ketonuria, wliereas raw 
meat lias a definite effect in this respect. 

Investigations during the past few ^’ears have modified our views 
regarding the metabolism of ketone bodies. Thus Blixenkrone-Moller 
[1938] found that the oxidation of ketone bodies can satijsfy 00-100*’^ of 
the energy-requirements of the muscles of a perfused hind-limb pre/iara- 
tion, when they arc at rest or electrically" stimulated. In general, the 
available evidence suggests that, like glucose, ketone bodies arc formed in 
the liver and o.xidized in the muscles, both in normal and in dej)aiK'reati7.cd 
animals [see ]\Iirsk3\ kelson, and Grayinan, 1030, for references; ef. al>o 
Crandall and Elmi, 1038]. According to this idea, the amount of Icetone 
bodies excreted in the urine represents the balance between production 
m the liver and utilization in the muscles. Thus there is no diflieiilty in 
explaining the diminution in ketonuria, which follows the ingesti(»n of fat by 
the diabetic animal or patient, as the result of the e.-'taldbiunent of a nuue 
accurate balance between ketone-production in the liver an<l ketone-utili/a- 
tion in the muscles. The interesting experiments of Barker [lo.'iib i030j 
are of importance in this connexion. Barker has >lioun that there lit:!e 
or no increase in ketonuria when the metabolic rate of the fi-^titig, aii- 
erxMtized dog is increased b\’ exercise or by dinilrujthcin l admiui-trati^ ii. 
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Moreover, tho fusting clepancreatized clog excretes only about 10% of the 
amount of ketone bodies to be expected, if one molecule of four-carbon 
acid is formed from each molecule of fatty acid oxidized. Thus there 
appears to be no obvious relationship between the extent to which fat is 
oxidized and the amount of ketonuria observed. 

The results of our experiments, in agreement with the earlier clinical 
observations of Petr6n [1924], suggest that the excretion of ketone bodies 
in diabetes is particularly associated with the oxidation of meat. Is it 
possible that the formation of ketone bodies is stimulated by the break- 
down of body protein, or rather muscle substance, and that an increased 
oxidation of fatty acids does not result in an increased c.xcretion of ketone 
bodies unless there is also a substantial increase in the catabolism of flesh, 
cither intrinsic or extraneous ? Such a possibility must certainly be con- 
sidered in view of the presented evidence. It is unfortunate that in the 
past so few experiments have been made concerning the influence of 
administering pure fat to diabetic patients or animals. Because of the 
fear of precipitating coma, a good proportion of protein food such as meat 
was usually added to tho fat, the addition of which may have completely 
obscured the influence of tho fat. Those courageous clinicians who, like 
Petren, gave food containing a high proportion of fat, but no flesh, ob- 
served a dramatic fall in ketonuria. 

In assuming that the breakdown of muscle substance is largely respon- 
sible for the appearance of ketone bodies in the urine, we need not abandon 
the theoi’y, based on extensive experimental evidence, that ketone bodies 
can be formed by the breakdown of fatty acids, although it is generally 
admitted that certain amino-acids are also ketogenic [Lusk, 192S]. The 
only necessary assumption is that in the muscles the oxidation of the 
ketone bodies, which are formed by the breakdown of fatty acids in the 
liver, is diminished when the catabolism of muscle substance is increased. 
There seems no justification for speculation on the possible mechanism 
of such a process with the evidence at present available, but any sueh 
discussion must take account of the fact stressed by Pfliiger [1905] and 
others that ‘the extent to which protein is metabolized is determined by 
the amount of protein ingested, whereas the extent to which fat is metabol- 
ized is quite independent of the amount of fat received in the food’ 
[Pfiuger, 1905, p. 329]. 

The increase in sugar tolerance which followed the administration of a 
pure fat diet to our pituitary-diabetic dogs appears to be at variance with 
the evidence that sugar tolerance is diminished by the administration of a 
high-fat, low-carbohydrate diet to normal animals [Abderhalden and 
Wertheimer, 1924] or normal men [Sweeney, 1927 ; Himsworth, 1935]. 

It seems to us that the simplest explanation of the apparent paradox is 
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as follows: the pancreas of the pituitary-diabetic dog contains a small 
amount of insulin which, however, is required little, if at *all, for the 
regulation of metabolism when a diet of pure fat is given. This insulin 
therefore accumulates in the pancreas and is available to ensure the proper 
metabolism of at least a portion of a small dose of ingested carbohydrate, 
in spite of the fact that, in accordance with Himsworth^s ideas, the insulin- 
sensitivity of the tissues may have been depressed by the high-fat diet. 
On such a theory we must assume that the addition of casein to a fat diet 
depleted the insulin-store sufficiently to diminish sugar tolerance (Fig. 5) 
and to cause glycosuria to reappear (Fig. 4). Whatever may be the ex- 
planation, it is clearly of interest to find that both clinically and experi- 
mentally the feeding of a high-fat diet is capable of depressing the excretion 
of both ketone and glucose. Certainly in our dogs the high-fat diet 
[provided sufficient combustible material to prevent such a rapid fall of 
body- weight as occurred when a high-carbohydrate diet was given. 


SU^IMARY 

1. Dogs made permanently diabetic by treatment with anterior pituitary 
extract differ most obviously from depancreatized dogs in the following 
respects: 

(a) Some of these dogs require more insulin for the control of glycosuria 
than do depancreatized dogs ; 

(b) The pituitary-diabetic dogs are able to survive for long periods in 
good health without insulin therapy, if sufficient utilizable food is 
given. The intensity of the diabetic condition may vary from 
animal to animal. 

2. Removal of the pancreas from a pituitary-diabetic dog resulted in a 
slight and possibly not significant fall in insulin requirement. Tlie pancreas 
contained 2-5 units of insulin, compared witli an average ligure for nine 
normal dogs, of comparable weight, of 76 units. 

3. On a protein diet, the pi tuitar^^-diabe tic dogs exhibited byper- 
glycaeinia, a substantial glycosuria and ketonuria, with a D/X quotient 
of over 3-0 in most instances; on a high-carbohydrate diet, these dogs 
retained about 15% of the total available carbohydrate in the foo<i ; on a 
<h’et of beef suet, the blood-sugar level, the gl 3 ’cosiiria and ketonuria oi 
lhei,e dogs were all diminished, and the sugar tolerance w;is increa^c<l. In 
nne animal, which tolerated a high-fat diet for over six weeks, tlie addilum 

casein to the bcef-suet diet diininislied sugar-tolerance, but di<l rail 
nicreasc ketonuria, although substitution of raw meat lor ca-cin resulted 
^^^^^tantial rise in ketonuria. Tliesc results aUpjH»ri the 
^ K*lren [1024], which were drawn from clinical invc,7t:gat;i.u,-. tu.it 
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protein (meat-food), and not fat, is particularly concerned in the aetiology 
of ketonuria. 

4. The metabolic rate of the pituitary-diabetic dogs was somewhat 
above that of control normal animals under similar conditions, but the 
excess above normal was not so great as was found with depancreatized 
dogs. 

o. As indicated by the hypoglycaemic elfcctiveness of o units of in- 
jected insulin, by the Himsworth [lOIJOJ glucose-insulin, test, and by the 
dc Wesselow-Grifliths [1!)3G] serum test, the pituitary-diabetic dogs do 
not jjossess any abnormal degree of insulin insensitivity. 

It is concluded that the permanently diabetic condition of our animals 
may well result from the changes observed in the islets of Langerhans of 
the pancreas, although these changes arc apparently insufiicient to account 
for all the observed facts. 
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APPENDIX 

On the Determination of the Respirator;/ Jlelabolism of Do'js 

By H, P, M.i.RKS 

rpi 

and T o^cietcrxuinations of respirator}’ metabolism in pituilary-tiiabciic 

jg ^ ^ clogs have already been discussed. In the present note it 

^ oposed to deal with some practical points arising out of the inve.'^tigation. 


Apfyaralus 

chamber of the Atwater- Benedict fAt’.w\tcr at;d BeriM 
that \ Carpenter, 1910] tvpe \\\is eznjiloved, and it mav l^o la 

^>c(l by MaclJod [ 192ii] in riud% 

^^^^Ul>oh.mofdopancreati^^^^^ 

c lamber itself consisted of a substantial metal box, of ‘ifu ntr«. ^ c-.p.-v 
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provided with glass windows, and with a reinovablo lid closed by a water seal. 
A stout grid covered the lloor of the box, which was slightly coned, so as to 
facilitate drainage of any urine passed during an experiment. 

The carbon dioxide produced by the animal Avas continuously removed by 
pumping air from tlio chamber tlirough a train of COo-absorption vessels, and 
then returning it to the chamber, IPov this purpose a small, three-cylinder pump 
Avas used alternately to inflate and deflate tliree small-sized football bladders 
contained in rigid glass jackets. Air Avas thus draAvn into the jackets from the 
metabolism chamber, and expelled through the absorption vessels, the direction 
of floAv being determined by flat rubber valves of the familiar typo. This pump 
has proved capable of delivering 20 litres of air per minute over long running 
periods ; it requires Very little attention, and the rubber Avorking parts have 
a long useful life, and are easily replaced. 

The train of absorption vessels comprises first, a dryer, and then a COo 
absorber, folloAved by a second dryer to remove the moisture given off by the 
soda- lime. After some experimenting, ‘Protosorb’^ Avas finally adopted as an 
absorbent for carbon dioxide, since it had a high capacity for absorbing CO 2 , 
and did not readily form lumps impeding the free passage of gas. 

In common Avith other brands of soda-lime, hoAvever, ‘Protosorb’ Avorks best 
A\dien supplied AAuth moist gas, and its absorbing properties rapidly become 
impaired as it loses its OAvn moisture to the stream of dried air passing through 
it. In fact, moisture is lost so rapidly that a freshly filled can Avill usually lose 
Aveight Avhen first used, in spite of the fact that it is absorbing COo. Tliis diffi- 
culty is overcome by using tAVO COo absorbers. When a can is partly exhausted, 
it is placed in the second position and a freshly filled can is placed in the first 
position, so that the moisture lost by the first absorbent filling is largely caught 
l 3 y the second filling, and so helps to revive its absorbing properties. 

Containers Avere made from tin canisters lined with bakelized paper, so as 
to avoid contact of the soda-lime Avith the metal. The lids Avere effectwely 
sealed by bedding down on plasticine, and binding Avith adliesive tape. 

For drying the current of air, an ordinary gas Avasher containing concentrated 
sulphuric acid, folloAved by a bottle filled Avith broken pumice soaked in con- 
centrated sulphuric acid, Avas found to be quite satisfactory, and could be safely 
used until the sulphuric acid had increased its volume by 50%. 

A highly sensitive steelyard balance^ Avas used for weighing the absorption 
vessels. 

In accordance Avith the usual practice, fresh oxygen, stored in a counter- 
poised gas container over Avater, Avas admitted to the chamber as required, to 
replace the oxygen consumed by the animal. The volume of oxygen consumed 
was obtained from the faU in the level of the gas container, the cross sectional 
area of the container being knoAvn by measurement. The degree of purity of 
the oxygen was ascertained by analysis and alloAved for. 

Experimental procednre 

At the beginning of the experiment the dog Avas placed in the chamber, and 
the pump allowed to ventilate the chamber on open circuit for 10-30 minutes 

1 Obtainable from Siebe, Gorman, Ltd. 

2 ‘Decimal* balance, listed by Gallenkamp, 
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without being connected to the absorption vessels, and without connexion of 
the oxygen supply. By this means the chamber was warmed up and brought to 
a steady state, the contained air showing little further change in composition 
during the course of the experiment. The circuit was then closed through the 
CO 2 absorption vessels, the tap connecting the oxygen container was turned on, 
and the apparatus run for the experimental period, usually of two hours* dura- 
tion. At the beginning and end of the experimental period the following opera- 
tions were performed : 

The CO 2 absorption vessels and the drying vessels following them were 
weighed. 

Samples of air were removed from the chamber for determination of the 
oxygen and CO 2 content by means of the small Haldane apparatus. 

The level of the oxygen container was read. 

The temperature of the oxygen container, the temperature of the air within 
the metabolism chamber {Tj and To), and the atmospheric pressure and Po) 
were taken. 


Calculation of results 


Any change in the temperature of the chamber during an experiment involves 
expansion or contraction of the contained air. K this air contracts, more oxygen 
is drawn in from the container than is consumed by the animal, so that the air 
in the chamber becomes relatively richer in oxygen, while expansion of the air 
in the chamber, due to rise in temperature, has the opposite effect. In calculat- 
ing the volume of oxygen consumed, therefore, a correction for change in com- 
position of the chamber air has to be added to the volume of oxygen ciraAvn 

from the container, in the form: ^ w^here 0^ and Oo are the percentage 


oxygen contents of the chamber air at the beginning and end of the experiment 
respectively, and Fj and Vo are the corresponding values of the effective 
chamber volume F, after reduction to 0° C. and 7G0 mm. press (N.T.P.) by 
means of the determined temperatures, Pj and To, and pressures Pj and Po. 
The effective chamber volume is the volume of the chamber, calculated from 
Its dimensions, plus the estimated volume of the pump and absorption ve^ssels, 
less the estimated volume of the animal. The volume of oxygen drawn from the 
container should be similarly reduced to N.T.P. by means of the average tem- 
perature of the container, and average pressure during the c.vperiment. Useful 
tables for carrying out these reductions are given by Carpenter [1921] ; the tables 
for moist gas should be used, since the air in the chamber is practically saturated 
witli water vapour when once a steady state luis been reached, and the degree 
of saturation docs not alter appreciably during the experiment. The volume 
of o.xygcn consumed (in litres at N.T.P.) as calculated above is conveniently 
expressed in litres per minute, or in calorics, using a factor dejH:nding ujxjn t.be 
respiratory quotient [Lusk, 192S, pp. Gt>-7]. 

The total increiisc in weight (g.) of the absorption ve-vels during llie exji^.ri- 
nient is multiplied by O’oOoS, the volume in litres at N.T.P. of 1 g. uf CU., a:;d 
then corrected for the change in CO^ content of the chain Ur, in order Ui *fL:ain 
the volume of carbon dio.xide produced by the animal. The ^.errectii.a to U 
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added is where and Oo represent the percentages of carbon 

dioxide in the air of the chaxnbor at the beginning and end of the experiment. 


It is a pleasure to acknowledge the assistance and advice given by Dr. .."\jgyll 
Campbell, and the construction of the pump by Dr. E. Sclmster. 
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